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layakiib  BTp,  UlcraCw*!  nuns  or  laas  arbitrarily  dolloed,  and,  liko  Iho  di  v  iiiH>[u 
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in  STstematio  natnral  history,  can  only  serve  to  brinfj^  tbe  snbjeot  of  M 
stndy  better  before  as  and  to  render  it  more  manageable ;  bat  not  to  mu 
real  distinctions  between  different  things." — Birnhaed  Cotta  (1866).    • 

Our  comparative  study  of  the  Anatomy  and  Ontogeny  c 
the  Amphioxus  and  the  Ascidian  has  afforded  us  aid,  tl> 
value  of  which  can  hardly  be  over-estimated,  toward 
acquiring  a  knowledge  of  human  Ontogeny.  For  in  tlM 
first  place  we  have  in  this  way  filled  up,  as  regards  AnatKHnjTi 
the  wide  cliasm  which  in  all  previous  systems  of  tin 
animal  kingdom  existed  between  Vertebrates  and  Inverte- 
brates ;  and  in  the  second  place,  in  the  germ-history  of  tin 
Amphioxus  we  have  recognized  primordial  phases  of  de- 
velopment, which  have  long  disappeared  from  the  Ontogenj 
of  Man,  and  which  have  been  lost  in  accordance  with  tbe 
law  of  abridged  heredity.  Of  special  importance  amoif 
these  phases  of  development  is  the  Archigastrula,  the  ori- 
ginal, genuine  Gastrula-form  which  the  Amphioxus  haa 
retained  up  to  the  present  time,  and  which  re-appean  in 
the  same  form  in  low  invertebrate  animals  of  the  mofll 
diverse  classes. 

The  germ-history  of  the  Amphioxus  and  the  Ascidiaii 
has,  therefore,  so  far  perfected  our  direct  knowledge  oi 
human  genealogy,  that,  notwithstanding  the  incompleteneai 
of  our  empiric  knowledge,  there  is  no  essential  gap  of  an] 
great  moment  in  the  pedigrea  We  may,  therefore,  at  onci 
proceed  to  our  task,  and,  aided  by  the  ontogenetic  asc 
comparative-anatomical  materials  at  our  command,  maj 
reconstruct  the  main  outlines  of  human  Phylogeny.  Tb 
immense  importance  of  the  direct  application  of  the  fundi 
mental  biogenetic  law  of  the  causal  connection  betwea 
Ontogeny  and  Phylogeny  now  becomes  evident    But,  befor 
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iriing  this  task,  it  will  be  irell  to  note  a  few  other 
mI  facta  which  may  enable  us  better  to  tmderstaiid  the 
ptit^Dumena  we  are  about  to  stody. 

firstly,  it  may  Dot   be  out  of  place   to   insert  a   few 

rem&rks  »»  to  the  duration  of  tirae  during  which  Man  was 

dn'eloping  from  the  animal  kingdom.     The  first  thought 

that  occurs  to  the  mind  when  we  consider  the   facts   in 

quKtion,  is  of  the  immense  difference  between  the  duration 

of  the  gearm-hiHtory  of  Man  on  the  one  hand,  and  of  his 

trilial  history  ou  the  other.     The  brief  period  in  which  the 

""'  '_,'i?nv'  of  the  human  individual  takes  place,  boars  no 

rtioo  to  the  infinitely  long  period  required  for  the 

u'eny  of  the  human   tribe.      The   human   individual 

:  .'8  nine  months  for  its  perfect  development  from  the 

l:.:-:^  egg-Pell  to  the  moment  at  which  it  is  born  and 

-     (ho  mother's  body.     The  human   embryo,  therefort!, 

mmnii  through  the  whole  course  of  its  development  in  the 

sriflf  space    of   40  weeks   (usually   in   exactly   280  days), 

Ba^  man   is  really  older  by  this  period  than  is  usually 

usamed.     When,  for  example,  a  child  is  said  to  be  9^  years 

ij'l.  be  is  in  reality  10  years  old.     For  individual  existence 

not    begin   at    the    moment  of   birth,  but   at    the 

-  lit  of  furLili;u.tion.      In    many   other  Mammals   t)ie 

:  ion  of  the  embryonic  development  is  the  same  as  in 

■  'J.,  tint  Ox.     In  the  Horse  and  the  Ass  it  is  somewhat 

r,   viz,  from  43  to  45  weeks;  in  the  Camel  it  is  IS 

-:s.     In   the  largest  Mammals  the  embryo  requires  a 

I.  II  h  longi.r  time  for  its  complete  formation  within   the 

1  -T.-nial  liKly;   in  the  Rhinoceros,  for  instance,  Ij  year, 

a  ilio   Eli-pliatit  9"  weeks.     In  the  latter  case,  therefore, 

•catation   lasU  more   than  twice  as  long  as  in  Man — for 
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nearly  a  year  and  tliree  quarters.  In  the  smaller  M 
the  duration  of  embryonic  development  is,  on  the  c 
much  shorter.  The  smallest  Mammals,  the  Harve 
develop  fully  in  3  weeks ;  Rabbits  and  Hares  in  4 
Rats  and  Marmots  in  5  weeks ;  the  Dog  in  9,  the  F 
the  Sheep  in  21,  and  the  Stag  in  36  weeks.  Develoj 
yet  more  rapid  in  Birds.  The  Chick,  under  non 
ditions  of  incubation,  requires  only  3  weeks,  or  just 
for  its  full  development.  The  Duck,  on  the  othe 
takes  25,  the  Turkey  27,  the  Peacock  31,  the  Swan 
the  New  Holland  Cassowary  65  days.  The  smalle 
Birds,  the  Humming-bird,  quits  the  egg  after  the  twe 
It  is,  therefore,  evident  that  in  Mammals  and  in  I 
duration  of  development  within  the  egg-membrane; 
in  a  definite  relation  to  the  size  of  body  attained 
vertebrate  species.  But  the  latter  is  not  the  sole  d* 
ing  cause  of  the  former.  There  are  many  other 
stances  which  influence  the  duration  of  individual  i 
ment  within  the  membranes  of  the  egg.^^ 

In  all  cases,  however,  the  duration  of  the  0 
appears  infinitely  brief  when  compared  with  the  ei 
the  infinitely  long  period  during  which  the  Pliylo 
gradual  development  of  the  ancestral  series,  too 
This  period  is  not  to  be  measured  by  years  and  c 
but  by  thousands  and  millions  of  years.  Many  mi 
years  must  indeed  have  elapsed  while  the  most 
vertebrate  organism,  Man,  gi*adually  developed  fj 
primaeval  one-celled  ancestral  organism.  The  oppo 
the  development  theory,  who  regard  this  gradual 
ment  of  Man  from  lower  animal  forms,  and  his 
descent  from  a  one-celled  primitive  animal  as  in 
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E  reflect  that  the  very  same  marvel  actually  recurs 
OQT  eyes  in  the  short  space  of  nine  months  during 
Ite  Bmbryonic  development  of  each  human  individual, 
rke  mine  series  of  multifariously  diverse  forms,  through 
vtiieh  our  brute  ancestors  passed  in  the  course  of  many 
niUions  of  years,  has  been  traversed  by  every  Man  during 
ht  first  10  weeks  of  his  individual  existence  within  the 
oaiemal  body. 

All  changes  in  organic  forma,  all  metamorphoses  of 
Bumal  and  plant  fonns,  app<-ar  to  us  all  the  more  remark- 
»ble  and  all  the  more  wonderful  in  proportion  as  they  occur 
more  rapidly.  When,  therefore,  our  opponents  pronounce  that 
the  past  development  of  the  human  race  from  lower  animal 
Fonns  is  incredible,  they  must  regard  the  embryonic  deveIo]>- 
■nent  of  the  human  individual  from  the  simple  egg-cell  as 
far  more  wonderful  in  comparison.  This  latter  process — the 
otttcgenelic  modijication^which  takes  place  before  our  eyes, 
mnrt  appoar  more  wonderful  than  the  phylogenetic  moditi- 
{ation,  in  proportion  as  the  duration  of  the  tribal  history 
exceeds  that  of  the  germ-history.  For  the  human  embryo 
must  pass  through  the  whole  process  of  individual  develop- 
'  from  the  simple  cell  up  to  the  many-celled  perfect 
■vith  all  his  organs,  in  the  brief  space  of  40  weeks.  On 
1JH--  i.ther  hand,  we  may  assign  many  millions  of  years  for 
tlitt  Mcomplisltinent  of  the  analogous  process  of  phyloge- 
iwtic  development — the  development  of  Man's  ancestors  from 
the  itimplcst.  one-celled  form. 

Ax  rt!garila  these  phylogenetic  periods,  it  is  impossible 
tuiix  approximately  their  length  in  hundreds  or  in  thousand: 
of  years,  or  to  establish  any  absolute  measure  of  their 
dimtiuiL     fiut  the  reaearches  of  geologists  have  long  since 
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enabled  us  to  estimate  and  compare  the  relative  durationi 
of  the  various  periods  of  the  earth's  organic  history.  Thi 
most  direct  standard  for  determining  the  relative  duratioA 
of  geological  periods  is  afforded  by  the  thickness  of  the  mh 
called  Neptunian  strata  or  sedimentary  rock,  i,e.,  all  thosi 
strata  which  have  been  deposited,  as  mud,  at  the  bottos 
of  the  ocean,  or  under  fresh  water.  These  stratified  sedi- 
mentary rocks — limestone,  clay,  marl,  sandstone,  slate,  etc— 
which  constitute  the  great  mass  of  mountain-chains,  and 
which  are  often  several  thousand  feet  in  thickness,  afibid 
us  data  for  estimating  the  relative  lengths  of  the  various 
periods  of  the  earth's  history. 

For  the  sake  of  completeness,  I  must  say  a  few  words  ai 
to  the  development  of  the  earth  as  a  whole,  briefly  indicating 
a  few  of  the  more  prominent  facts  relating  to  this  matter. 
At  the  very  outset  we  are  confronted  with  the  weighty 
fact,  that  life  originated  on  our  planet  at  a  certain  definite 
period.  This  is  a  proposition  that  is  no  longer  gainsaid  bj 
any  competent  geologist.  We  now  know  for  certain  that 
organic  life  upon  our  planet  actually  began  at  a  certain 
time,  and  that  it  did  not  exist  there  from  eternity,  as 
some  have  supposed.  The  indisputable  proofs  of  this  are 
furnished,  on  the  one  hand,  by  physico-astronomical  coa- 
mogeny ;  on  the  other,  by  the  Ontogeny  of  organisms.  Species 
and  tribes,  like  individuals,  do  not  enjoy  a  perpetual 
life.^  They  also  had  a  beginning.  The  time  which  haa 
elapsed  since  the  origin  of  life  upon  the  earth  up  to  the 
present  time  (and  with  this  period  of  time  alone  we  are 
here  concerned)  we  call  the  "  history  of  the  oi^anic  earth," 
as  distinguished  from  the  ''history  of  the  inorganic  earth"* 
which  embraces  the  period  before  the  origin  of  organic  lififc 
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1  to  the  latter,  we  first  obiained  clear  ideas  from 
:  jihiluBopbical  researches  aod  oomputAtioos  of 
n.-at  critical  philosup)ier,  Imm&nuel  Kant,  and 

iiiost  refer  the  reader  to  Kant's  "  AUgeineuie  Nal 
icble  and  Theorie  dca  Uimmels  "  and  to  the  niuuei 
lies  which   treat  the  subject  in  a  pupolar  s^te. 
t  here  dwell  upon  questions  of  this  kind. 

nic  htstury  of  the  earth  could  begin  only  when 
tuid  drops  existed  upon  ita  surface.  For  the  verj 
k  of  all  organisms,  without  anr  exception,  depends 
Fin  the  tluid  atat?,  their  bodies  containing  a  con- 
1  amoout  of  the  same.  Our  ovra  body,  in  its  fully 
3  stat«,  contains  in  Its  tis&acs  70  \>er  cent  of  water 
r  30  per  cent,  of  solid  matter.  The  amount  of  vrat^r 
greater  in  the  Inxly  of  the  child,  aod  is  greatest  of  all 
ibiyo.  In  early  stages  of  development  the  human 
lotains  more  than  00  per  cent  of  water,  and  not 
of  solid  loatl^T.  In  low  marine  animals. 
1  the  Medns)^,  the  body  contains  even  more  than 
nt  of  water,  and  not  even  one  per  cent,  of  solid 
f  Ho  organjum  can  exist  and  perform  its  vital 
Ifwilbout  water.     Without  water  there  is  no  life. 

the  fluid  stat«,  which  is,  therefore,  in- 
i  for  tho  existence  of  Lfe,  could  not,  bowerer. 
upon  th«  earth  until  after  the  temperature  of  the 
of  the  fiery  globe  had  sunk  to  a  certain  jHiint. 
thia  it  existed  only  in  the  form  of  ftteam.  As 
wever.  as  the  firet  drop  of  water  in  a  fluid  stal«;  ws« 
\ited  by  cooling  from  the  envelope  of  steam,  it  be^i 
l'^^^«al  action,  and  from  that  time  to  tlii«  it  hax 
1  cuutinual  changes  in  the  modification  of  the  bard 
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crust  of  the  earth.    The  result  of  this  unceasing  work  of: 
the  water,  which  in  the  form  of  rain  and  hail,  of  snow  aadj 
ice,  of  rushing  torrent  and  suiging  wave  crumbles  and  dii*| 
solves  the  rocks,  is  the  formation  of  ooze.    As  Huxley  sayi* ; 
in  his  excellent  ''Lectures  on  the  Causes  of  the  Phenomena  of 
Organic  Nature/'  the  most  important  fact  in  the  past  history 
of  our  earth  is  ooze,  and  the  question  as  to  the  history  ci  the 
past  ages  of  the  world  resolves  itself  into  a  question  as  to 
the  formation  of  ooze.    AU  the  stratified  rocks  of  our  moun- 
tainous formations  were  origincJly  deposited  as  ooze  at  the 
bottom  of  the  waters,  and  only  afterwards  hardened  into 
solid  stone. 

As  has  already  been  said,  it  is  possible,  by  bringing 
together  and  comparing  the  various  rock-strata  from  many 
places  on  the  surface  of  the  earth,  to  obtain  an  approximate 
conception  of  the  relative  ages  of  these  various  strata 
Geologists  have  long  agreed  that  there  is  an  entirely  definite 
historical  sequence  of  the  various  formations.  The  various 
groups  of  strata  which  lie  one  over  another  correspond  to 
successive  periods  in  the  earth's  organic  liistory,  during 
which  they  were  deposited  in  the  shape  of  mud  at  the 
bottom  of  the  sea.  Gradually  this  mud  was  hardened  into 
solid  rock.  The  latter,  by  cdtemate  upheaval  and  depres- 
sion of  the  surface  of  the  earth,  was  lifted  above  the  water, 
and  assumed  the  form  of  mountains.  Four  or  five  main 
periods  in  the  earth's  organic  history,  answering  to  the 
larger  and  smaller  groups  of  these  sedimentary  rock-strata^ 
are  usually  distinguished.  These  main  periods  are  sub- 
divided into  numerous  subordinate  or  lesser  periods.  From 
twelve  to  fifteen  of  the  latter  are  usually  assumed.  (CC 
Tables  XII.  and  XIII.,  pp.   11,  12.)     The  relative  thick^ 
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>  Tsrinns  groups  of  strata  afTords  the  i 
lately  estiioating  the  relative  length  of  these  variom 
I  of  time.     Of  course  we  cannot  say.  "  In  a  hunJ 
years  on  the  average  a  stratum  of  a  certain  thtck^ 
'  two  inchea)  ia  deposited,  and  therefore  a  rock- 
thousand    feet    in    thickness    is    600,000 
For  different  rock -format  ions  of  equal  thick- 
■  have   occupied  periods  of  very  various  length  , 
keposilion  and  consolidation.     From  the  thicknef 
lation  we  may,  however,  approximately  judge  o 
length   of  the   period  during  which  It  wai 
ad. 

)f  the  four  or  five  main  periods  of  the  earth's  oi^ganio 

wj,  our  acquaintance  with  which  is  indispensable  for 

Pbylogeny  of  the  human  race,  the  first  and  oldest  is 

Bufl  tJie  PriiQordial,  Archizotc,  or  Archilithic  Epoch. 

^B^mate  the  total  thickness  of  all  the  sedimentary 

^Kvera^g  about  130,000  feet,  then  70.000  feet  belong 

^mst  epoch — more  than  one  half    From  thia  and  other 

t.mcea   we    may  conclude  that  the  corresponding 

lial  or  Archilithic  Epoch  must  alone  have  been  con- 

■^bly  longer  than  the  whole  long  period  between  the 

I  of  tlie  Archilithic  and  the  present  time.     Probably  the 

lordial  Epoch  was  much  longer  than  might  appear  from 

■  'of  7  :6,  which  we  have  given.  This  Epoch  is  divided 

I-  c  Bub-pcriods,  known  as  the  Laurentian,  Cambrian, 

jrreaponding  to  the  three  principal  groups  of, 

'  rock-sti'ata   which  constitute   the   Archilii 

a  enormous  length  of  time  required  for  the  foi 

t  bottom  of  the  primordial  sea  of  these  gigantic 

r  70,000  feet  in  Uiickness,  must,  at  all  events, 
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have  been  many  millions  of  years.  During  that  time  thov 
came  into  existence  by  spontaneous  generation  the  oldeafc 
and  simplest  organisms — those  in  which  life  began  upon  onri 
planet — viz.,  the  Monera.  From  these,  one-celled  plants  audi 
animals  first  developed — the  Amoebae  and  many  kinds  of' 
Protista.  During  this  same  Archilithic  Epoch,  also,  all  tlwi 
invertebrate  ancestors  of  the  human  race  developed  inm^ 
these  one-celled  organisms.  We  draw  this  conclusion  froBJ 
the  fact  that  towards  the  close  of  the    Silurian 


a  few  remains  of  fossil  Fishes  are  already  to  be  found,  vii. 
Selachians  and  Gkinoids.  These  are,  however,  much  mott 
highly  organized  and  of  later  origin  than  the  lowest 
Vertebrates  (the  Amphioxus),  or  than  the  various  skull-len 
Yeiiebrates  allied  to  Amphioxus,  which  must  have  liW 
during  this  time.  The  latter  must  necessarily  have  been 
preceded  by  all  the  invertebrate  ancestors  of  man.  Hence 
we  may  characterize  this  entire  epoch  as  the  "age  of  man's 
invertebrate  ancestors ; "  or,  with  special  reference  to  the 
oldest  representatives  of  the  Vertebrate  tribe,  as  the  "age 
of  SkuU-less  Animals."  During  the  whole  Archilithic  Epoch 
the  inhabitants  of  our  planet  consisted  exclusively  of 
aquatic  forms ;  at  least,  no  remains  of  terrestrial  A-Tiimnk 
or  plants  dating  from  this  period  have  as  yet  been  found 
A  few  remains  of  land-dwelling  organisms  which  are  some- 
times referred  to  the  Silurian  Period,  are  Devonian. 

The  Primordial  Epoch  was  followed  by  the  Palaeolithic, 
Palseozoic,  or  Primary  Epoch,  which  is  also  separable  into 
three  sub-periods :  the  Devonian,  the  Carboniferous,  and  the 
Permian.  During  the  Devonian  Period  the  Old  Red  Sand- 
stone, or  Devonian  system  was  formed ;  during  the  Car 
boniferous,  those  great  beds  of  coal  were  deposited  whidi 
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of  tlie  pBlnontologioal  Periodi.  or  the  Greater  Bi*!ai 
m  Un>  BiatoiT  of  Uu9  Or^oic  tiiortb. 


lirwt  flpMh  .-  Tba  ArdlUithie,  or  Frimordiat  Epneh. 
lAgii  of  SkulMeaa  AuiaiulA  and  Seaweed  FureslR.) 
r  Aiehilithi'o  Kpoah  or  LaarencisD  r«nod, 

lla  AKhilithio  Epoch  „  Caoibrinn  Period. 

rAmlulKluoKpoch  „  6 ilnciaa  Period. 

.  Sftond  Bpoek  !  The  Fftbeolithia,  or  TViniari/  Eporh. 

(Age  of  Fiubea  and  Tern  Fcresta.) 
r  PklBolithle  Gpooh  or  Doronian  Period. 

It«  F*]»>lllh>c  If)x>ch  „  Coal  Period, 

r  rslBolilhio  Epooh  „  Permitui  Period. 

L   nird  Epii*  :  Tha  KMOlithio,  or  Secondary  Epocli. 

(Agavf  Rppli1e»  and  Pine  Foregta,  Coni/mi.) 
rK««oUlhie  Epoch  or  TriuaBio  Period. 

Ila  Hooliihio  Epoch  .  Jtimsgio  Furiud. 

K  Heaolithio  £poah  ,  Chalk  Period. 

^  nttrlk  Bpoek  :  Th»  C»nolitlil8,  or  Tertiary  UpocK. 

(Aged  UkribiuU  uiid  Leaf  ForeeCa.) 
te  Onolitbte  Epoch  or  Eocene  Period. 

Ila  OBDohlUio  Kpoi-h  „  Mtooeae  Period. 

■  CKDoliUiiu  Epuob  „  Iliuveoe  Period. 

Kfieh  :  Tha  Anthrapollthia,  nr  Qualrmari/  Epoch. 
(Ago  ot  MftQ  uid  Cullivated  Forests.) 
Anthmpolithic  Epoch  or  loo  Age,  Glooinl  Period. 

« AAtlimpohthio  Epoch        „  PubL  GlaoiBl  Period. 

A]ltlin)|ioliChi<i  Epoch  „  Period  of  Culture. 

d  «( CnltOK  i>  tbo  Qiitorio  Period,  or  Period  of  Trvdiijon,) 
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'□latiDiii,  or  the  Fnnlitc 


.    XII. 
(  (New  I 

\     XI.  : 
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OS  -with  our  principal  fuel ;  in  the  Pennian,  tlie 
;-'l  SanJatone,  the  Magnesian  Limestone  (Zechsteiii), 
Id  tiie  Cupriferous  Slate  were  formed.  The  appro xi- 
ate  thickness  of  this  entire  group  of  strata  ia  esti- 
Med  at  42,000  feet  at  most ;  some  geologists  make  it 
nevhat  mare,  others  considerably  less.  In  any  case, 
is  Palaeolithic  Epoch,  taken  aa  a  whole,  is  conaider- 
iy  shorter  than  the  ArchiJitliic,  but  yet  is  conaidei:ably 
nger  than  all  the  following  Epochs  taken  together.  The 
imta  deposited  during  this  Primary  Epoch  siipply  fossil 
liitnl  remains  in  great  abundance ;  besides  numerous 
•eiu  of  Invertebrates  we  find  also  very  many  Verte- 
•te — Fisbefl  preponderating.  As  early  as  the  Devonian, 
A  even  during  the  Carboniferous  and  the  Pennian 
siods,  then  existed  so  great  a  number  of  Fishes,  espe- 
iQj  Primitive  Fishes  (Sharks)  and  Ganoid.'),  that  we  may 
■ignate  the  entire  Polieolitliic  Period  as  the  Aye  of  Fisiies. 
M  Falieozoic  Ganoids  espedaUy  are  represeuted  by  a 
rp  narober  of  forma 

Bat  even  during  this  period  some  Fishes  began  to 
rautom  Uiemselves  to  living  upon  the  land,  and  thus  gave 
n  to  the  Amphibian  class.  Even  in  the  carboniferous 
vteni  ire  find  fossil  remains  of  Amphibia — the  earliest 
mstrial  and  air-breathing  animals.  In  the  Permian 
siod  Uie  variety  of  these  Amphibia  becomes  gi-catcr.  To- 
irdt  its  close  the  first  Amnion-animals,  the  tribal  ancestors 

the  true  higher  Vertebrate  classes,  seem  first  to  appear. 
tine  ant  a  few  li/jinl-like  animals,  of  which  the  Ptotcro- 
ant  fo>in  the  Cupriferous  Slate  at  Eisenach  is  tlic  best 
Jam.  The  appearance  of  the  most  ancient  Amnion 
nttnahi  (Amnuitd),  to  which  the  common  parent-form  of 
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Reptiles,  Birds,  and  Mammals  most  have  belonged,  n6i 
in  fact  to  be  referred  by  these  oldest  reptilian  remains  III 
to  the  close  of  the  Palaeolithic  Epoch.  During  this  Epc 
the  ancestors  of  the  human  race  must  accordingly  In 
been  represented,  first  by  true  Fishes,  then  by  Hud-Fui 
(DipneuMa)  and  Amphibia,  and  finally  by  the  oU 
Amnion  Animals,  the  Protamnia. 

After  the  Palaeolithic  Epoch  comes  a  third  main  di?]i 
of  the  earth's  organic  history,  known  as  the  Mesolithii 
Secondary  Epoch.  This  is  again  distinguished  into  ti 
subdivisions — ^the  Triassic,  the  Jurassic,  and  the  Cretao 
Periods.  The  approximate  thickness  of  the  stobta-gro 
formed  during  these  three  Periods  from  the  beginnin 
the  Triassic  down  to  the  end  of  the  Cretaceous  Pei 
amounts  in  all  to  about  15,000  feet,  not  one  half  the  tfa 
ness  of  the  Palaeolithic  deposits.  During  this  Epoch  a ' 
great  and  varied  development  took  place  in  all  divisioi 
the  animal  kingdom.  In  the  vertebrate  tribe  especial 
number  of  new  and  interesting  forms  developed.  An 
Fishes  the  Osseous  Fishes  (Teleostei)  now  first  appear, 
the  Reptiles  surpass  all  others  both  in  numbers  an( 
diversity  of  species — the  most  remarkable  and  the  i 
familiar  forms  being  the  gigantic  extinct  Dragons  (D 
saurians),  the  Sea-Dragons  (Halisaurians),  and  the  Fl] 
Lizards  (Pterosaurians).  In  reference  to  this  predominan< 
the  reptilian  class  this  time  is  known  as  the  age  of  repi 
But  the  class  of  Birds  also  developed  during  this  pea 
undoubtedly  originated  from  a  branch  of  the  lizard- 
Reptiles.  This  is  shown  by  the  similar  embryology  of  B 
and  of  Reptiles,  by  their  Comparative  Anatomy,  and  als< 
the  fact  that  we  know  of  fossil  birds  with  toothed  j 
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1  lizai^*s   tail,   belonging  to   this   period   (Od< 

aopleryx).  Finally,  it  was  during  this  perim 
B  appeared  upon  the  scene  that  moat  perfect  and, 
uj,  ino3t  important  vertebrate  class,  the  mammalian 
K  I'he  oldest  fossil  remains  of  these  have  been  fouml 
^Haaost  recent  Triassic  strata,  viz.,  molar  tcetb  ot 
^^Beoctivoroos  Pouched  Animal  (Marsupial).  Numer- 
fP^s  occur  somewhat  later  in  tlie  Jura  system,  and 
whi  the  cfa&lk.  All  the  remains  of  Mammals  from  this 
^tfitft  Epoch  with  which  we  are  acquainted  belong  to 
■|f  oQched  Animal  division ;  and  among  these  werea 
^^■dly  the  anceatora  of  Man.  On  the  other  han(^H 
^Bogle  undisputed  relic  has  yet  been  discovered 
mboat  &1I  this  period  of  one  of  the  higher  Mammals 
rckmto^ia).  This  last  division,  of  which  Man  is  a  member, 
not  develop  till  later,  in  the  immediately  subsequent 
EKJ^Dcb.  J 

Qie  loortb  main  divi^on  of  the  history  of  the  organiifl 
1.  the  Tertiary,  Cienozoic,  or  Caenolithic  Epoch,  was  o9 
h  shorU-r  duration  than  the  preceding.     For  the  strat^| 
r-<it'?<l  during  this  period  are  in  all  only  about  3000  feeS 
lifiONs.     This  Epoch,  also,  is  divided  into  threo  sub^ 
:  s,  known  as    the    Eocene,   Miocene,  and    Pliocenaa 
■I  1.1.     During  these  periods  the  moat  diverse  develop-  | 
^Btiie  higher  classes  of  plants  and  animals  took  place 
^^■&una  and  flora  of    our   globe   now  approached 
^^Bd  nearer  to  their  present   character.     The   moat 
^^ftveloped  class  of  animals,  that  of  Mammals,  now 
^^ftre-eminence.    This  Tertiary  Epoch  may,  tlierefore. 
^^HUte  tyc  of  Mammals.     The  most  perfect  section 
^^^utBi  tlio  Fiac«utal  Animals,  among  wUich  is  Man, 
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now  first  appeared.  The  first  appearance  of  Han- 
^  speak  more  correctly — ^the  development  of  man  &c 
most  nearly  allied  ape-form,  dates  probably  either  fn 
Miocene  or  the  Pliocene  Period, — ^from  the  middle 
latest  section  of  the  Tertiary  EpocL  Perhaps,  as  is  at 
by  others,  Man  strictly  so-called,  i.e.,  Man  gifted 
language,  first  developed  from  the  speechless  man-likt 
in  the  subsequent  Anthropolithic  Age. 

At  all  events,  the  perfect  development  and  distri 
of  the  various  races  of  Man  dates  from  the  fifth  a 
main  division  of  the  organic  history  of  the  earth,  anc 
this  Epoch  has  been  called  the  Anthropolithic,  or  A 
pozoic,  and  also  the  Quaternary  Epoch.  It  is  true  i 
the  present  imperfect  state  ofc  our  palseontologio 
prehistoric  knowledge,  we  cannot  solve  the  problem 
whether  the  development  of  Man  from  the  nearest 
Ape-foims  took  place  in  the  beginning  of  this  Anthroj 
Epoch,  or  as  early  as  the  middle  or  towards  the  close 
preceding  Tertiary  Epoch.  This  much,  however,  is  < 
that  the  true  development  of  human  culture  date 
from  the  Anthropolithic  Epoch,  and  that  this  latte 
stitutes  only  an  insignificantly  small  section  of  the 
enormous  period  of  time  occupied  in  the  developn 
the  organic  earth.  When  we  reflect  upon  this,  it  a 
absurd  to  speak  of  the  brief  span  of  man's  period  - 
ture  as  "the  world's  history."  This  so-called  Hist 
the  World  docs  not  amount  approximately  to  eve: 
half  per  cent,  of  the  length  of  those  enormous  j 
which  have  passed  away  from  the  beginning  of  the 
organic  history  down  to  the  present  time.     For  this  \ 
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y.   or  moFfl   correctly,   History   of  People,   is  itself 

rlio   latter  half  of  the  Anthropolithic  Epoch,  while 

■  n'  first  half  of  this  Epoch  must  be  reckoned  as  a 

ific  perioil.     Hence  this  last  main  period,  reaching 

'III?  close  of  the  Ca?jioUthic  Epoch  to  the  present  time, 

Illy   be   called   the  "age  of  man,"  inasmuch   as  the 

11  and  differentiation  of  the  different  species  and 

if  man,  which  have  so  powerfully  influenced  all  the 

!   the  organic  population  of  the   globe,  took    place 

itj*  course. 

'hv.r    the   awakening   of  the    human    consciousness, 

1    vanity  and   human  arrogance  have  delighted  in 

j».Uing  Man  as  the  real   main-purpose  and  end  of  all 

ffUiljr  life,  and  as  the  centre  of  terrestrial  Nature,  for  whose 

IB  and  service  all  the  activities  of  the  rest  of  creation  were 

3ni  the  first  defined  or  predestined  by  a  "wise  providence." 

BUT  oU«rIy  baaeleas  these  preaitmptuous  anthropocentric 

lur^ptions  are,  nothing  could  evince  more  strikingly  than 

'  .-orison  of  the  duration  of  the  Anthrojiozoic  or  Quater- 

'-[-jch  with  that  of  the  preceding  Epochs.     For  even 

..^^'.v  t!ie  Anthropolithic  Epoch  may  embrace  several  hun- 

ttia  of  thousands  of  years,  how  small  is  this  time  when 

mpAifd  with  the  millions  of  years  that  have  elapsed  since 

winning  of  the  world's  organic  history  down  to  the 

I'lamnco  of  the  human  race! 

:  h<:  entire  duration  of  the  organic  history  of  the  earth, 
im  the  generation  of  the  first  Monera  down  to  the  present 
J",  ia  divided  into  a  hundred  equal  parts,  and  if  then, 
[responding  with  the  relative  average  thickness  of  the 
HtTonii^   BtnUa-systcm.?,  the  respective  percentages  are 
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assigned  to  the  relative  durations  of  the  five  midn  division 
or  Epochs,  the  latter  will  be  found  to  be  about  as  follows  >- 

I.  Arohilithio,  or  archizoio  (primordial)  Bpoch        •        .  58^ 

n.  Fbilsollthio,  or  palaoosoio  (primary)  Epoch          •        .  3S.1 

III.  Hesolithio,  or  mesoKoic  (secoiidarj)  Epoch         .        .  11.5 

IV.  Cenolithic,  or  oenozoio  (tertiary)  Epoch     .        .        .  SL3 
V.  Anthropolithio,  or  anthropozoic  (qnatemary)  Epoch  .  0.5 

Tbtal     ...    lOOi) 

The  relative  durations  of  the  five  main  epochs  of  th 
earth's  organic  history,  are  yet  more  clearly  seen  in  tb 
opposite  Table  (XIV.),  in  which  the  relative  thicknesses  c 
the  strata  systems  deposited  within  these  Epochs  is  rcpre 
sented  on  a  scale  corresponding  to  their  actual  dcptha 

This  table  shows  that  the  period  of  the  so-called  Histor 
of  the  World  forms  but  an  inconsiderable  span  in  oompariso 
with  the  immeasurable  duration  of  those  earlier  epochs  durin 
which  Man  did  not  exist  upon  this  planet.  Even  the  grei 
Csenozoic  Epoch,  the  so-called  Tertiary  Epoch,  during  whic 
the  Placental  Animcds,  the  higher  Mammals,  develope( 
includes  but  little  moi*e  than  two  per  cent,  of  the  whd 
enormous  duration  of  the  organic  history  of  the  world.^* 

And  now  before  we  turn  to  our  proper  phylogenet 
task ;  before,  guided  by  our  knowledge  of  ontogenetic  £Btc 
and  by  the  fundamental  law  of  Biogeny,  we  attempt 
trace  step  by  step  the  histoiy  of  the  paJseontological  ev 
lution  of  our  animal  ancestors,  let  us  turn  aside  for  a  sho 
time  into  another  and  apparently  very  difierent  and  ve 
remote  department  of  science,  a  general  review  of  whi 
will  make  the  solution  of  the  difficult  problems  whi' 
now  rise  before  us  very  much  easier.    The  science  is  tb 
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rifaeoce  to  their  relatire  Bectimuil  thickness  (130,000  feet  circa). 

rV.      Cauiolilhic  Strata, 
cirm  3000  feet. 

Pliocene,  Miocene,  Eooene. 

~ 

a^J^^^ie  Strata. 

IX.    Chalk  SfBtcm. 

VIII.    Jurassic  System. 

TIL     Tnaasio  System 

PfiiBM-^r  Epooh,  circa 
H     42.000  leet. 

VI.     Permian  Sjstom.                                    1 

V.    Co»I  Sjatom. 

IV.     Devonian  Sjfltcm. 

^B  JLTcluUthic  8tnt>. 
^BScTonteaftte 

rriawOiJ  Bpooh,  cir.-ft 
70,000  bet 

ra.     Silurian  System,  circa 
23,000  feet. 

11.    Cambrian  Sf  stem,  circa 
18,000  feet. 

30,000  feet. 

^^m^ 
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of  Comparative  Philology.  Ever  since  Darwin,  by  the  th< 
of  Natural  Selection,  infused  now  life  into  Biology,  and 
the  fundamental  question  of  development  in  every 
of  science,  attention  has  frequently  and  from  vexy 
quarters  been  called  to  the  remarkable  parallelism,  wl 
exists  between  the  evolution  of  the  various  human 
and  the  evolution  of  organic  species.    The  comparison 
quite  justifiable  and  very  instructive.     Indeed  it  is 
possible  to  find  an  analogy  better  adapted  to  throw  a 
light  on  many  obscure  and  difficult  facts  in  the  evolution 
species,  which  is  governed  and  directed  by  the  same  natuial] 
laws  which  guide  the  course  of  the  evolution  of  languagOi 

All  philologists  who  havo  made  any  progress  in  thar] 
science,  now  unanimously  agree  that  all  human  langoagcfrj 
have  developed  slowly  and  by  degrees  from  tho  simplest 
rudiments.      On  the  other  hand,  the  strange  proposition 
which  till  thirty  years  ago  was  defended  by  eminent  au- 
thorities, that  language  is  a  divine  gift,  is  now  universaDy 
rejected,  or  at  best  defended  only  by  theologians  and  by 
people  who  have  no  conception  ot  natural  evolution.    Such 
brilliant  results  have  been  attained  in  Comparative  Philology 
that  only  one  who  is  wilfully  blind  can  fail  to  recognize  i&e 
natural  evolution  of  language.    Tho  latter   is  necessazily 
evident  to  the  student  of  natura    For  speech  is  a  physio- 
logical function  of  the  human  organism,  developing  simul- 
taneously with  its  special  organs,  the  larjmx  and  the  tongue^ 
and  simultaneously  with  tlie  functions  of  the  brain.    It  is^ 
therefore,  quite  natural  that  in  the  history  of  the  evolution 
of  languages,  and  in  their  whole  system,  we  should  find  the 
same  correlations  as  in  the  history  of  the  evolution  d 
oi'ganic  species  and  in  their  whole  system.    The  vaiioua 
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or  and  smiUer  groups  of  speech-foniiB,  which  are  diBtin- 

hed  in  Oomparative  Philology  as  primitive  languages, 

[amenta]  langaa^ea,  parent  languages,  derived  languages, 

Irta,  jtatoia,  etc,  correspond  jicrfectly  in  their  mode  of 

l.ipmt'nt  witli  the  varions  larger  and  smaller  groupa  of 

Tvni^ms  classed  in  systems  of  Zoology  and   Botany  as 

'.  clas!«»i,  orders,  families,  genera,  Bpedes,  and  varie- 

i>f  the  animal  and  vegetable  kingdoms.     Tho  relations 

'■t-i'n  theiso  varioua  Bystematic  groups,  or  categories,  are 

■oth  cases   identical;  moreover,  evolution   follows  the 

.:•'  course  in  one  case  as  in  the  other.     This  instructive 

1 1  larison  was  first  elaborated  by  one  of  the  most  eminent 

<  ierman  philologists,  one  who,  unfortunately,  died  pre- 

■iirely — August  Schleicher,  not  only  a  philologist  but  also 

;;ntod  Itotanist.     In  his  more  important  works,  the  Com- 

,  -miivi-  Anatomy  and  evolutionary  history  of  languages  is 

L.-inwd  by  the  same  phylogcnctic  method  which  we  employ 

:]  iJit!  Comparative  Anatomy  and  evolutionary  history  of 

:iial  fbmis.     He  has  <.'apccially  applied  this   method  to 

Indo-Gcmiauic  family  of  languages ;   and  in  his  little 

..^tiite  on  "The  Darwinian  Theory  and  the   Science  of 

Language "   ("Die   Darwin'sche   Theorie  und   die  Sprach- 

vineosctuft "),  he  illustrated  it  by  means  of  a  synoptical 

a  of  the  Indo41ermanic  family  of  languages."" 

f  tbo  formation  of  the  various  branch  languages  which 

I  developed  from  iha  common   root  of  the   primitive 

Qertnaoie  tongue  is  studied  with  the  aid  of  this  pedi- 

I  very  clear  idea  of  their  Phylogeny  will  be  acquired. 

B  time  it  becomes  evident  how  entirely  analogous 

I  evolation  of  tho  greater  and  leaser  groups  of  tho 

^  vhich  have  sprang  &om  the  one  common  root- 
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form  of  the  primitive  Vertebrates.  The  primitive  Indo* 
Germanic  root-tongue  first  separated  into  two  chief  stems: 
the  Slavo-Germanic  and  the  AHo-Romanic  main-tnmks. 
The  Slavo-Qermanic  then  branched  into  a  primitive  Qerman 
and  a  primitive  Slavo-Lettic  tongua  Similarly,  the  Ario- 
Romanic  split  up  into  a  primitive  Arian  and  a  primitive 
Orseco-Bomanic  language  (p.  23).  If  we  continue  our 
examination  of  this  pedigree  of  the  four  primitive  Indo- 
Qermanic  languages,  we  find  that  the  primitive  Qeimanie 
tongue  divided  into  three  chief  branches — a  Scandinavian, 
a  Gothic,  and  a  Teutonic  branch.  From  the  Teutonic  branch 
proceeded,  on  the  one  hand.  High  German,  and,  on  the 
other  hand.  Low  German,  to  which  latter  belong  the  variofos 
Friesian,  Saxon,  and  Low  German  dialects.  Similarly,  the 
Slavo-Lettic  tongue  developed  first  into  a  Baltic  and  a 
Slavonic  language.  From  the  Baltic  spring  the  Lettic, 
Lithuanian,  and  Old  Prussian  dialects.  The  Slavic,  on  the 
other  hand,  give  rise,  in  the  South-east,  to  the  Russian  and 
the  South  Slavic  dialects,  and,  in  the  West,  to  the  Polish 
and  Czech  dialects. 

Turning  now  to  the  other  main  stem  of  the  Lido- 
Germanic  languages  and  its  branches — ^the  primitive  Ario- 
Romanic — ^it  is  found  to  develop  with  the  same  luxuriance. 
The  primitive  Grseco-Romanic  language  gave  rise,  on  the 
one  hand,  to  the  Thracian  language  (Albanian  Greek),  and 
on  the  other,  to  the  Italo-Keltic.  From  the  latter  in  tun 
sprung  two  divergent  branches — ^in  the  South,  the  Italian 
branch  (Romanic  and  Latin),  and  in  the  North,  the  Keltic^ 
from  which  arose  all  the  different  British  (Old  British,  Old 
Scottish,  and  Lish)  and  Gallic  tongues.  The  numerous 
Lranian  and  Lidian  dialects  branched  out  in  the  same  way 
from  the  primitive  Arian  language. 
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TABLE   XV. 

Fedigne  of  the  Indo-Gennamo  Langnagei. 


Lithmiiiaiis    Anoient  Fniasuuis 
Letts 


Anglo-BtxoiiB 


Baltio 


Low  Germans 

Netherlanders 


Eigb  Germans 


Ancient  Saxons 


Sorbians 
Polish 


I 


WestSclaves 

I  Bnssians 

South  SclaTes 


t^   • 


Y 

Saxons 


Friesians 


LowGFermans 


Bcandinavians 


Goths 
I 


Oennaas 
I 


South-east  Sclayes 


PrimitlTe  Germans 


Somans 


BeUTO-Ietti 


Ancient  British 
Ancient  Scotch 

Irish 

Gauls 
t 

I 


Latins  ^ 


Gaels 


Brittanese 

I 


Italians 


Kelts 


SdaTO-Gcrmans 


Italo-Xelts 


Albansse 


Greeks 


PrimitlTe  Thracians 


Tniif^i^f    Iranians 
I  I 


Grseeo-Bomans 


Ario-Bomans 


Indo-0«rmans 
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A  dose  study  of  this  pedigree  of  the  Indo-( 
languages  is,  in  many  respects,  of  great  interest, 
parative  Philology,  to  which  we  are  indebted  for  our  know- 
ledge of  this  subject,  thus  shows  itself  to  be  a  true  scieuoe — \ 
a  natural  science.  It,  indeed,  long  ago  anticipated  in  its 
own  province  the  phylogenetic  method  with  the  aid  ofl 
which  we  now  attain  the  highest  results  in  Zoology  andi 
and  in  Botany.  And  here  I  cannot  re&ain  firom  remarking 
how  much  to  the  advantage  of  our  general  culture  it  would  < 
be  if  the  study  of  languages  (which  is  undoubtedly  one  of 
the  most  powerful  means  of  culture)  were  comparaiiiadjf 
prosecuted ;  and  if  our  cut  and  dried  Philology  were  re- 
placed by  a  living,  many-sided,  comparative  study  of  lan- 
guages. The  latter  stands  in  the  same  relation  to  the 
former  as  the  living  history  of  organic  evolution  does  to 
the  lifeless  classification  of  species.  How  much  deeper 
would  the  interest  taken  in  the  study  of  language  by  the 
students  in  our  schools  be,  and  how  much  more  vivid  would 
be  the  results  if  even  the  first  elements  of  Comparative 
Philology  were  taught  instead  of  the  distastefiil  composi* 
tion  of  Latin  exercises  in  Ciceronian  style ! 

I  have  entered  with  this  detail  into  the  "Comparative 
Anatomy  "  and  the  history  of  the  evolution  of  languages, 
because  it  is  unsurpassed  as  a  means  of  illustrating  the 
Phylogeny  of  organic  species.  We  find  that  in  structure 
and  in  development-  these  primitive  languages,  parent 
.languages,  derived  languages,  and  dialects,  correspond 
exactly  like  the  classes,  orders,  genera,  and  species  of  the 
animal  kingdom.  The  "natural  system"  is  in  both  cases 
phylogenetic.  Just  as  Comparative  Anatomy,  Ontogeny,  and 
Palaeontology  afford  certain   proof  that   all   Vertebrates, 
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b  or  extant^  are  (Icacended  from  a  common 
[brm,  so  doea  the  comparative  atudy  of  the  dead 
ing   lodo-Oemiamc   language    absolutely   convince 
.lJI  thi^sti  lauguagm  have  sprung  from  a  common 
J'iiiii  mouopbyletic  view  is  unanimously  adopted  by 
n^t«  iA  importance  who  have  studied  the  questioi 
,  (ire  capable  of  pai^sing  a  critieal  judgment  upon  it,"^! 
]"^iut,  however,  to  which  I  would  specially  call  your 
1  in  tliis  compari~!on  bt-tween  the  various  branches, 
Kiiti  tiand,  of  the  ludo-Gormanic  language,  and,  on  the 
3  vertetvate  tribe,  is  that  the  direct  descimdants 
r  b«  confounded  ivith  the  collateral  lines,  nor  the 
the  extant    foi-ms.     This    mistake   is  often 
I  iQBults  in  the  formation  of  erroneous  notions  of  ■ 
'  op)»ODcnts  oft«n  take  advantage  in   order  to  J 
B  wliole  theory  of  descent.     When,  for  instance,  ifcJ 
.  human  beinga  are  descended  from  Apca,  t 
I  Semi-apes,  and  the  Semi-apes  from   Fouclia 
argupialia),  wvy  many  people  think  only  of  thfti 
ing  special  of  tliese  different  mammalian  orders  I 
>  bo  found  stuffed  in  our  museums.     Now,  our  I 
I  attribotu  this  erroneous  view  to  us,  and,  witU  J 
k  Utaa  judgment,  declare  the  thing  impossible ; 
|ulc  lu  as  a  physiological  experiment  to  transfomfl 
I  into  a  Semi-ape,  this  into  a  Qorilla,  and  the"! 
>  a  Alan.     Their  demand  is  aa  childish  aa  thofl 
which  it  is  founded  is  erroneoue-  for  all 
foiins   have  varied  more  or  less  from  their 
rent-form,  and  none  of  them  are  capable  of  pro- 
\  divtirgent  posterity   which   were   really 
8  of  years  ago  by  that  parent-Ibnn.'" 
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There  is  no  doubt  that  Man  is  descended  from  an  esti 
mammalian  form^  which,  if  we  could  see  it,  we  sho 
certainly  class  with  the  Apes.  It  is  equally  certain  t 
this  primitive  Ape  in  turn  descended  from  an  unkno 
Semi-ape,  and  the  latter  from  an  extinct  Pouched  Anio 
But  then  it  is  beyond  a  doubt  that  it  is  only  in  respeel 
essential  internal  structure,  and  on  account  of  their  similai 
in  the  distinctive  anatomical  characters  of  the  order,  that 
these  extinct  ancestral  forms  can  be  spoken  of  as  meml 
of  the  yet  extant  mammalian  orders.  In  external  fonn 
generic  and  specific  characters,  they  must  have  been  more 
less— perhaps  even  greatly — different  from  all  living  rej 
sentatives  of  the  orders  to  which  they  belonged.  For 
must  be  accepted  as  a  quite  universal  and  natural  fSeust 
phylogenetic  evolution  that  the  parent-forms  themsel^ 
with  their  specific  characters,  became  extinct  at  a  more 
less  distant  period.  Those  extant  forms  which  come  neai 
to  them,  yet  differ  from  them  more  or  less,  perhaps  e^ 
very  essentially.  Hence  in  our  phylogenetic  researc 
and  in  our  comparative  view  of  the  still  living  diverg 
descendants  all  we  can  imdertake  to  do  is  to  determ 
how  fiax  the  latter  depart  from  the  parent-form.  •  We  n 
quite  confidently  assume  that  no  single  older  parent-fc 
has  reproduced  itself  without  modification  down  to  our  tv 

We  find  this  same  state  of  things  on  comparing  vari 
extinct  and  living  languages,  which  have  sprung  from  4 
common  primitive  tongue.  If,  fi^m  this  point  of  view, 
examine  the  genealogical  tree  of  the  Indo-Grerma 
languages,  we  may  conclude,  on  d  priori  grounds,  that 
the  earlier  primitive  languages,  fundamental  languages,  1 
ancestral   languages,  frt)m  which  the  living  dialects 
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aded  ia  the  first  or  second  degree,  have  been  extini 
longer  or  shorter  period.     And  this  is  tlie  case.     The' 
Bomanic  and  the  Scla^'o-Germanic  tongues  Imve 
altogether  extinct,  as  ai'e  abo  the  primitive  Arian  and 
I,  the  Selavo-Lettic,  and  primitive  Gennanic 
Some  even  of  the  lan^fuagea  descended  from 
1  also  long  been  dead,  and  all  those  of  the  Indo- 
t  branch  which  are  yet  extant,  are  akin  only 
■'they  are  divei^ent  descendants  of  common  parei 
)  have  diveiged  from  this  ancestral  fonn  moi 
iless. 

\u»    easily    deraoiistiable   fact   very    well    illustral 

mug  &cts  in  the  descent  of  vertebrate  species.     Ph; 

.;  "Comparative  Pliilology,"  as  a  powerful  ally,  su] 

ylogcnetie  "  Comparative  Zoology."   Thefonner 

VST,  adduce  far  more  direct  evidence  than  the  latter, 

se   the   palteontological   materials    of   Philology,   the 

At  monuments  of  extinct  tongues,  have  been  far  better 

rved  than  the  paheontological  materials  of  Comparative 

gy,  the  fossil  bones  of  vertebrates.     The  more  these 

soas   condiUoDS  are  considered,  the  more  convincing 

■  force.  ■ 

•>hail   presently  find   that   we  can  trace  back  tfaa] 

I  line  of  Man,  not  only  to  the  lower  Mammals. 

Ito  the  Amphibia,  to  the  shark-like  Primitive  Fishes, 

k  far  below  these,  to  the  skull-less  Vertebrates  allied 

mphioxns.     It  mufit  bo  remembered  this  does  not 

t  the  living  Amphioxus,  Shark,  or  Amphibian  accu- 

at  the  outward  appearance  of  the  parent-forms 

I  we  speak.     Still  less   does  it  mean  that    the 

I,  or  the  Shark  of  our  day,  or  any  extant  species 


I 
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Here  arises  another  question :  "  Whence,  in  the  b^in- 
ning  of  the  organic  history  of  the  earth,  at  the  commence- 
ment of  the  Laurentian  period,  came  the  earliest  AmcebsBf " 
To  this  there  is  but  one  reply.  Like  all  one-celled  organ- 
isms, the  Amcebae  have  originally  developed  only  fiom  the 
simplest  organisms  know  to  us,  the  Monera.  These  Monerm 
which  we  have  already  described,  are  also  the  simplest  ocni- 
ceivable  organisms.  Their  body  has  no  definite  form,  and 
is  but  a  particle  of  primitive  slime  (plasson) — a  little  maai 
of  living  albumen,  performing  all  the  essential  fimctioiiB  of 
life,  and  ever3rwhere  met  with  as  the  material  basis  of  life 
This  brings  us  to  the  last,  or  perhaps  the  fii*st  question  in 
the  history  of  evolution — the  question  as  to  the  origin  of 
the  Monera.  And  this  is  the  momentous  question  as  to  the 
prime  origin  of  life — the  question  of  spontaneous  generation 
(generatio  spontanea  or  cequivoca). 

We  have  neither  time,  nor  indeed  have  we  any  occasion, 
to  discuss  at  length  the  weighty  question  of  spontaneous 
generation.  On  this  subject  I  must  i*efer  you  to  my 
''  History  of  Creation,"  and,  especially,  to  the  second  book 
of  the  Generelle  MorpJiologic,  and  to  the  discussion  on 
Monera  and  spontaneous  generation  in  my  "  Studien  iiber 
Moneren  und  andere  Protista."  ^^  I  have  there  stated 
my  own  views  on  this  important  subject  in  veiy  great 
detail.  Here  I  will  only  say  a  few  words  on  the  ob- 
scure question  as  to  the  first  origin  of  life,  and  will  answer 
it  so  far  as  it  concerns  our  radical  conception  of  the 
history  of  organic  evolution.  In  the  definite,  limited 
sense  in  which  I  maintain  spontaneous  generation  {g&M- 
ratio  spontanea)  and  assume  it  as  a  necesaaty  hypo- 
thesis in  explanation  of  the  first  beginning  of  life  upcm 
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,  it  merely  implies  the  origin  of  Mouei-a  from 
;  carbon  compounds.  When  animated  bodii^s  lirat 
JEcd  on  oar  planet,  previously  without  life,  there  must, 
the  firet  place,  have  been  formed,  by  a  process  purely 
soical,  from  purely  inorganic  carbon  combinations,  that 
ry  complex  nitrogeniwd  carbon  compound  which  we  call 
laaon,  or  "  primitive  slime,"  and  which  is  the  oldest  material 

-itanoe  in  which  all  vital  activities  are  embodiccL  In 
..x'st  depths  of  the  sea  such  bomogeneous  amorphous 
:  1  iiLsm  probably  still  lives,  in  its  simplest  character,  under 
J  niuno  of  Bathybius.'^  Each  individual  living  particle 
ihis  Btructnreless  mass  is  called  a  Moneron,  The  oldest 
men  originated  in  the  8ea  by  opontaneous  generation, 
rt  as  crj'stats  fonn  in  the  matrix.  This  assumption  is 
lairotl  by  the  ilemand  of  the  hnman  understanding  for 
ittUty.  For  when,  on  the  one  hand,  we  reflect  that  the 
nie  inorganic  history  of  the  eaiih  proceeds  in  accordance 
th  mechanical  laws  and  without  any  intervention  by 
lotive  power,  and  when,  on  tlie  other  band,  wo  consider 
it  tho  entire  oi-ganic  history  of  the  world  is  also  de- 
mitwd  by  similar  mechanical  laws  ;  when  we  see  that  no 
Wmatun]  interference  by  a  creative  power  is  needed  for 
I  production  of  the  various  organisms,  then  it  is  certainly 
Ite  ineoosistent  to  assume  such  supernatural  creative 
wHiMKoCB  toT  the  fii-st  production  of  life  upon  our  globe. 

•U  eventa  we,  an  investigators  of  nature,  are  bound 
leut  lo  attempt  a  natural  explanation. 

At  present,  tJie  much  agitated  question  of  spontaneous 

MmUrm  appears  very  intricate,  because  a  large  number 

._v  difietcnt,  and  in  part  quite  absurd,  conceptions  arc 

t   under  the   term   "spontaneous  generation,"  and 
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because  some  have  supposed  that  the  problem  oonld  W 
solved  by  means  of  the  crudest  experiments.  The  doctrim 
of  spontaneous  generation  cannot  be  experimentally  refizted.-^ 
For  each  experiment  with  a  n^ative  result  merely  provol^ 
that  under  the  conditions  (always  very  artificial)  supplied  b^^ 
uSy  no  organism  has  been  produced  from  inorganic  combina- 
tions. Neither  can  the  theory  of  spontaneous  gen^vtkni 
l>e  experimentaUy  proved  unless  great  difficulties  are  Of?er^ 
come ;  and  even  if  in  otu*  own  time  Monera  were  produead 
daily  by  spontaneous  generation — ^as  is  very  possible — yM 
the  absolute  empiric  proof  of  this  fact  would  be  oxtremflly 
difficult — indeed,  in  most  cases  impossible.  He,  howevei; 
who  does  not  assume  a  spontaneous  generation  of  Moneia» 
in  the  sense  here  indicated,  to  explain  the  first  origin  of  lift 
upon  our  earth,  has  no  other  resource  but  to  believe  in  a 
supernatural  miracle ;  and  this,  in  fact,  is  the  questionaUe 
standpoint  still  taken  by  many  so-called  ^  exact  naturalists,'' 
who  thus  renounce  their  own  reason. 

Sir  William  Thomson  has  indeed  tried  to  avoid  the 
necessary  hypothesis  of  spontaneous  generation  by  assuming 
that  the  organic  inhabitants  of  otu*  earth  originally  de- 
scended from  germs  which  proceeded  from  the  inhabitants 
of  other  planets,  and  which,  with  fragments  of  the  latter, 
with  meteorites,  accidentally  fell  on  to  the  earth.  This 
hypothesis  has  met  with  much  applause,  and  was  even 
supported  by  Helmholtz.  Friederich  Zoellner,  an  acute 
physicist,  has,  however,  refuted  it  in  his  excellent  natural- 
philosophical  work  "  Ueber  die  Natur  der  •  Cometen,"  a 
critical  book  containing  most  valuable  contributions  to  the 
history  and  theory  of  knowledge.**'  Zoellner  has  plainly 
shown  that  the  hypothesis  is  unscientific  in  two  respects— 
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wUy,  in  point  of  logic,  and  secondly,  in  its  scientific  tenor 

:•-  sxvi).     At  the  same  time  he   rightly  shows  that   the 

'h'jsis  of  epontaneous  generation,  in  the  sense  which 

-.<!  define<l,  is  the  "condition  necessary  to  the  conoeiv- 

'  \  of  nature  in  accordance  with  the  laws  of  causality." 

1  conclusion,  I  repeat,  with  emphasis,  that  it  is  only  in 

1  Ase  of  Monera — of  structureless   organisms   without 

!i; — ^that  we  can  assume  the  hypotheais  of  spontaneous 

ration.     Every  differentiated  organism,  every  oi^anism 

i-j?d   of  organs,   can   only  have   originated   from   an 

■trentiatcd  lower  organism   by   differentiation  of  its 

and  coiisefjuently  by  Phylogeny.    Hence,  even  in  the 

iji  tion  uf  the  simplest  cell  we  must  not  assume  the  pro- 

r  .■tpontaneuus  generation.     For  even  the  simplest  cell 

1.1  of  at   least   two  distinct   constituent   parts ;   the 

1   and  tirmer  kernel    (nucleus),   and     the    outer    and 

i    cell -substance   or  protoplasm.     These   two   dLstinct 

can  only  have  come  into  being  by  differentiation  of 

■  iraogeneous  plasson  of  a  raoneron  and  of  a  cytod.     It 

7  this  very  reason  that  the  natural  history  of  Monera  is 

I  ■  highest  interest ;  for  it  alone  can  remove  the  principal 

'■T'MitieB  which  beset  the  question  of  spontaneous  genera- 

' '  fL    The  extant  Monera  do  afford  us  organleas  and  struc- 

» onanisms,  such  as  must  have  originated  by  spon- 
generation  at  Uie  first  beginning  of  organic  life 
I  earth.'" 


iM 


CHAPTER  XVI. 

THE  ANCESTRY  OF  MAN. 

L  From  the  Moneba  to  thb  Gastraa. 

12elation  of  the  General  Induotive  Law  of  the  Theory  of  Descent  ti 
Special  Deductive  Laws  of  the  Hypotheses  of  Descent. — ^Inoomplet 
of  the  Three  Great  Becords  of  Creation :  Palseontology,  Ontogen] 
Comparative  Anatomy. — ^Unequal  Certainty  of  the  Yarions  Bi\ 
Hypotheses  of  Descent — ^The  Ancestral  Line  of  Hen  in  Twent 
Stages :  Eight  Invertebrate  and  Fonrteen  Yertebrate  AncestoiB. — ^I 
bution  of  these  Twenty-two  Parent-forms  in  the  Five  Main  Divisii 
the  Organic  History  of  the  Earth. — First  Ancestral  Stage  :  Mom 
The  Structureless  and  Homogeneous  Plasson  of  the  Mooera. — Dil 
tiation  of  the  Plasson  into  Nucleus,  and  the  Protoplasm  of  the  d 
Cytods  and  Cells  as  Two  Different  Plastid-forms. — ^Yital  Phem 
of  Monera. — Organisms  without  Organs. — Second  Ancestral  fi 
Amosbao. — One-celled  Primitive  Animals  of  the  Simplest  and  moi 
differentiated  Nature. — The  Amosboid  Egg-cells. — ^The  Egg  is  Olds 
the  Hen. — Third  Ancestral  Stage  tj^yn-Amosba,  Ontogenetioally 
duced  in  the  Morula. — A  Communi^  of  Homogeneous  Amoeboid  0 
Fourth  Ancestral  Stage:  Plan8DC^  Ontogenetioally  reproduced  i 
Blastula  or  Planula. — Fifth  Ancestral  Stage :  Gastrasa,  Ontogenel 
reproduced  in  the  Gkistrula  and  the  Two-layered  Gterm-disc. — Ori 
the  GastrsBa  by  Inversion  (^invaginatio)  of  the  Planaaa. — Halipl^ 
and  Gastrophysema. — Extant  Gastreeads. 

"  Now,  very  probably,  if  the  course  of  evolution  proves  to  be  le 
simple,  it  will  be  thought  that  the  whole  matter  is  self-evident,  anc 
research  is  hardly  required  to  establish  it.  But  the  story  of  Columba 
the  egg  is  daily  repeated ;  and  it  is  necessary  to  perform  the  ezper 
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'iaAMllL  How  ilowly  pngcau  i»  maile  in  the  knawledgs  even  of  scU- 
Ibtt  OttUfn.  etpeeittllf  wlicn  rpsi>ectiib1e  aathorities  diuigreo,  I  mf  Holt 
wsipnienoed  nlBcietitl)'."— KUL  Enssi  Baeb  (1838). 

nUKD  by  the  fundamental  law  of  Biogeuy  and  by  the 
n  records  of  ci'eation,  we  now  turn  to  the  interesting 
ik  of  examining  tlie  animal  parent-forms  of  the  human 
»  in  their  proper  sequence.  To  en8iu:e  accuracy,  we 
vA  first  become  acquainted  with  the  various  mental 
emtions  which  we  shall  apply  in  this  natural-philosophical 
icarclu  Tln^«c  operations  are  paitly  of  an  inductive, 
rtJy  of  a  deductive  nature ;  pai-tly  conclusiona  from 
meroufl  particular  expeiiences  to  a  general  law ;  partly 
}clusion&  from  this  general  law  back   to   particular  ex- 


Tribal  history  as  a  whole  is  an  inductive  science ;  for 

t  wholu  Ui«ory  uf  descent,  as  an  indispensable  and  most 

'ill  ])art  of  the  whole  theory  of  evolution,  is  entirely 

.i  on  inductions.  From  all  the  biological  incidents  in 
J ;  i\f,  in  animal  life,  and  in  human  life,  we  have  derived 
I  tiun  inductive  conception  that  the  whole  of  the  or- 

iihabitanbs  of  our  globe  originated  in  accordance  with 
;:gl*;  law  of  evolution.  To  this  law  of  evolution,  La- 
.  Darwin,  and  their  successors  gave  definite  form  in 
iMiy  of  descents     All  the  interesting  phenomena  es- 

i  by  Ontogeny,  Paleontology,  Compaiativc  Anatomy, 
i>_olog>',  Cborology,  the  (Ekology  of  organisms,  all  the 

-int  general  laws,  which  we  infer  from  multitudinous 
Tuena  of  these  difierent  sciences,  and  which  ai'e  most 
i;«ly  connected  together,    are   the    broad   inductive 

riich  is  drawn  the  most  exteuHive  inductive 
.    Because  the  innate  connection  between  all 
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tbese  infinitely  yarious  groups  of  phenomena  in  thesi 
ferent  departments  becomes  explicable  and  comprehei 
solely  through  the  theory  of  descent,  therefore  this  tl 
of  evolution  must  be  regarded  as  an  extensive  indu 
law.  If  we  now  really  apply  this  inductive  law,  and 
its  help  seek  to  discover  the  descent  of  individual  oi^ 
species,  we  must  necessarily  form  phylogenetic  hypotl 
which  are  of  an  essentially  deductive  nature,  and  whid 
inferences  from  the  general  theory  of  descent  back  to 
vidual  particular  cases.  These  special  deductive  conclu 
are,  however,  in  accordance  with  the  inexorable  lai 
Logic,  as  justifiable,  as  necessary,  and  as  indispensab 
our  department  of  knowledge  as  the  general  indu 
conclusions  of  which  the  whole  theory  of  evolutic 
formed.  The  doctrine  of  the  animal  parent-forms  of  : 
kind  is  also  a  special  deductive  law  of  this  kind,  whi< 
the  logical  conclusion  from  the  general  inductive  law  oi 
theory  of  descent.^** 

As  is  now  very  generally  acknowledged,  both  by 
adherents  of  and  the  opponents  of  the  theory  of  des 
the  choice,  in  the  matter  of  the  origin  of  the  human 
lies  between  two  radically  difierent  assumptions :  We  i 
either  accustom  ourselves  to  the  idea  that  all  the  vai 
species  of  animals  and  plants,  Man  also  included, 
ginated  independently  of  each  other  by  the  supernal 
process  of  a  divine  "creation,"  which  as  such  is  ent 
removed  from  the  sphere  of  scientific  observation — oi 
are  compelled  to  accept  the  theory  of  descent  in  its  enti 
and  trace  the  human  race,  equally  with  the  various  an 
and  plant  species,  fit)m  an  entirely  simple  primaeval  pai 
form.    Between  these  two  assumptions  there  is  no  i 
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ooune.      Kttber  a  Mind  belief  in  creation,  or  a  sdentilic 

thfcory  of  evolation.     By  aasuming  the  latter,  and  this  is  the 

only  pos«il)le  natural-scientific  conception  of  the  uiiiveiise, 

we  are  enabled,  with  the  help  of  Compamtive  Anatomy  and 

rinrj^,geny,  to  recognize  the  human   ancestral  line  with  a 

-lLh  approximate  degree  of  certainty,  just  as  is  more  or 

the   case  with   respect  to  all   other   organisms.     Oui' 

■iiua  study  of  the  Comparative  Anatomy  and  Ontogeny 

Man,  and  of  other  Vertebrates,  has  made  it  quite  clear 

we  must  first  seek  the  pedigree  of  mankind  in  that  of 

vertebrate  tribe.     Thcn^  can  be  no  doubt  that  (if  Uie 

■[ y  of  descent  U  correct)  Man  has  developed  as  a  true 

'  bmt^,  and  that  ho  originated  from  one  and  the  same 

rijon    paront-fonn   with  all    other  Vertebrates.      Tins 

1^1  d<>ductiun  must  bo  regarded  a^  quite  certain,  correct- 

I  'f  the  indrictive  law  of  the  theory  of  descent  being  of 

-■_'  first  granted.     No  single  adherent  of  the  latter  can 

a  doubt  about  this  important   deductive  conclusion. 

'.I    can,  moruover,  name  a  aeries  of  different  forms  of  the 

1   ;  tcbratt'  tribe,  which  may  be  safely  regarded  as  the  repi-e- 

riLalivta    of   different   successive   phylogenotic  stages  of 

ution,  or  as  different  members  of  the  human  anci'stral 

We  can  also  prove   with   equal   certainty  that   the 

■urtebrate  tribe  as  a  whole  originated  from  a  group  of  low 

Wrartebrato  animal  forms;  and  among  these  we  can  again 

witii  mon;  or  less  certainty  recogni^ie  a  series  of  membei's 

of  tho  ancestral  chain. 

We  most,  however,  at  once  expressly  say  that  the  cer- 

taiaty  of  the  different  hypotheses  of  descent,  wliicb  aie 

■rioil  entirely  on  special  deductive  inferences,   is  veiy 

ioL     Several  of  these  conclusions  are   already   fully 
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established ;  others,  on  the  contrary,  are  most  doubtful;  h 
yet  others,  it  depends  upon  the  subjective  proportion  of  thi 
knowledge  of  the  naturalist  and  on  his  capability  of  draw 
ing  conclusions,  what  degree  of  probability  he  will  accon 
to  them.  It  is,  at  all  events,  necessary  thoroughly  to  dia 
tinguish  between  the  absolute  certainty  of  the  genera 
(inductive)  theory  of  descent,  and  the  relative  certainty  o 
the  special  (deductive)  hypothesis  of  descent.  We  cti 
never  in  any  case  prove  the  whole  ancestral  line  of  an 
cestors  of  an  organism  with  the  same  certainty  with  whid 
we  regard  the  theory  of  descent  as  the  only  scientific  expla 
nation  of  the  organic  forms.  On  the  contrary,  the  speda 
proof  of  all  separate  parent-forms  must  always  remaii 
more  or  less  incomplete  and  hypothetical  That  is  quii 
natural  For  all  the  records  of  creation  upon  which  w 
rely  ai*e  in  a  great  measure  incomplete,  and  will  alway 
remain  incomplete;  just  as  in  the  case  of  Comparativi 
Philology. 

Above  all,  Falseontology,  the  most  ancient  of  all  lecordi 
of  creation,  is  in  the  highest  degree  incomplete.  We  knof 
that  all  the  petrifications  with  which  we  are  acquainted 
form  but  an  insignificantly  small  fragment  of  the  whdk 
number  of  animal  forms  and  plant  forms  which  have  evei 
existed.  For  each  extinct  species  obtained  by  us  in  a  petrified 
condition,  there  are  at  least  a  hundred,  probably  *thousanjdi 
of  extinct  species  which  have  left  no  trace  of  their  existence 
This  extreme  and  most  deplorable  defectiveness  of  the  palseoit 
tological  record  of  creation,  upon  which  it  is  impossible  U 
insist  too  strongly,  is  very  easily  accoimted  for.  The  veq 
conditions  under  which  organic  remains  become  petrified 
necessitate  it.    It  is  also  pai*tly  explicable  as  the  result  d 
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I  imperfect  knowledge  in  this  department.  It  must  he 
uembere'i,  that  far  the  greater  proportion  of  the  rock 
■ia  which  constitute  the  mountain  masses  of  the  surtaco 
I  ihe  earth  ia  not  yet  unfolded  to  ua.  Of  the  count- 
It  petrifications  which  are  hidden  in  the  liuge  moun- 
fn  ehiuns  of  Asia  and  Africa,  we  know  but  a  few  small 
mples.  Part  of  Europe  and  of  North  Ajnerica  has  alone 
xn  more  minutely  explored.  The  whole  of  the  petri- 
oUons  accurately  known  and  in  our  collections  do  not 
Dotint  to  a  hundredth  part  of  those  which  really  exist  in 
IB  enist  of  the  earth.  In  this  respect  we  may,  therefore, 
fleet  a  rich  harvest  of  discoveries  in  the  future.  But,  in 
Hte  of  this,  the  palieontological  record  of  creation  (for 
■aona  which  I  have  amply  explained  in  Chapter  XV  of 
jT  "Natural  History  of  Creation")  will  alwaj-a  remain 
^«niety  incomplete. 

Not  less  incomplete  is  the  second,  most  important  record 

creatioa,  that  of  Ontogeny.  For  the  Phylogeiiy  of  the 
lividual  it  is  the  most  important  of  aU.     Yet,  it  also  has 

great  dei'ects,  and  often  leaves  us  in  the  lurch.  In  this 
itter,  we  must  distinguish  quite  clearly  between  palin- 
netiB  and  kenogenetic  phenomena,  between  the  original, 
leritcd  evolution  and  the  later,  vitiated  evolution.  We 
st  never  forget  that  the  laws  of  abridged  and  vitiated 
rediiy  frequently  disguise  the  original  course  of  evolution 
i^ond  rec<^nition.     The  reproduction  of  the  Phylogeny 

the  Ontogeny  is  but  rarely  tolerably  complete.  The 
riiotfe  and  most  important  stages  of  germ-history  are 
f  the  moBt  abridged  and  compressed.  The  youthful 
'  forma  have  in  turn  often  adapted  themselvcB 
■  oomlitiotis,  and   have  thus   been   modified      The 
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struggle  for  existence  has  excited  an  equally  strong  modify- 
ing influence  upon  the  various  independent  and  yet  un- 
developed young  forms,  as  upon  the  developed  and  matnva 
forms.  Therefore,,  in  the  Ontogeny  of  the  higher  animal 
forms,  the  Phylogeny  has  been  very  greatly  limited  by  Eeno- 
genesis ;  as  a  rule,  only  a  blurred  and  much  vitiated  pictim 
of  the  original  course  of  evolution  of  their  ancestors  now 
lies  before  us  in  the  Ontogeny.  Only  with  great  precautioB 
and  judgment  dare  we  infer  the  tribal  history  direcUy  finom 
the  germ-history.  Moreover,  the  germ-history  itself  k 
known  to  us  only  in  the  case  of  very  few  species. 

Lastly,  the  highly  important  record  of  creation  afforded 
by  Comparative  Anatomy  is  unfortunately  very  incomplete^ 
and  for  the  simple  reason,  that  the  number  of  extant 
animal  species  forms  but  a  very  small  fragment  of  the 
whole  number  of  different  animal  forms  that  have  existed 
from  the  beginning  of  the  organic  history  of  the  worid  to 
the  present  time.  The  total  sum  of  the  latter  may  safely 
be  estimated  at  several  millions.  The  number  of  those 
animals  the  organization  of  which  has  at  present  beat 
investigated  by  Comparative  Anatomy  is  very  small  in  pro- 
portion. The  more  extended  investigations  of  the  future 
will,  here  also,  open  up  unexpected  treasures. 

In  view  of  this  evident  and  natural  incompleteness  of 
the  most  important  records  of  creation,  we  must  of  course 
take  good  care,  in  the  tribal  history  of  Man,  not  to  lay  too 
great  weight  on  single  known  animal  forms,  nor  with  equal 
certainty  to  consider  all  the  stages  of  evolution  which  come 
under  our  consideration,  as  parent-form&  On  the  oontiaiy, 
in  hypothetically  arranging  our  ancestral  line,  we  matt 
take  good  care  to  remember  that  the  single  hypothetical 
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Krent-ronns  are  of  very  diverse  values  in  relation  to  the 

Ttamty  of  our  knowlcdgf.     From  the  few  remarks  wliich, 

'■■   speaking  of  the  Ontogeny,  we  made  aa  to  the  corro- 

!uig  pbylogenetic  forms,  it  will  have  been  unJerstooil 

■    Honie  germ-forms  may  with  certainty  be  regarded  as 

aproductioue   of  con-esponding   parent-forms.     We   recog- 

ised  the  human  egg-ccU  and  the  parent-cell  which  results 

rom  the  impregnation  of  the  latter  oa  the  first  and  must 

mportant  form  of  this  kind. 

From  the  weighty  fact  that  the  egg  of  the  human  being, 

I  be  egg  of  all  other  animals,  is  a  simple  cell,  it  may  be 

certainly  inferred  that  a  one-celled  parent-form  onco 

rt-J,  from  which  all  the  many-celled  animals,  Man  in- 

:    lied,  developed. 

A  second  verj-  significant  germ-form,  which  evidently 

Ti-prodnces  ft    prima;val    pait'iit-form,   is  the  germ-vesicle 

tfiUututa),  A  Himple  hollow  sphere,  the  wall  of  which  con- 

^Kt«  of  a  single  cell-stratum.     A  third  extremely  impoit- 

!    fi>nn  in  genn-history,  which  may  be  quite  safely  and 

i.iJy  referred  back  to  the  biibal  history,  is  the  true  Gas- 

lia.     This  most  interesting  larval  form  already  exhibits 

fcalunull  body  composed  of  two  germ-layers,  and  fur- 
td  with  the  ftmdameutal  primitive  organ,  the  intestinal 
L  Now,  as  the  same  two-layered  germ-condition,  with 
Hit  primitive  rudiment  of  the  intestinal  canal,  is  common  to 
all  the  other  animal  tribes  (with  the  single  exception  of  the 
Primitive  Animals.  Protozoa),  wo  may  certainly  from  this 
infifr  a  cwmmon  parcnt-fonn  of  similar  construction  to  the 
<UKtrula,  the  CJastrsia.  Efjually  important  in  their  boaiing 
un  the  Phylogeny  of  Man,  are  the  very  important  ontoge- 
D'_-tical  form  conditions  which  coiTespond  to  certain  Worms, 
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Skull-less  Animals  {Acrania),  Fishes,  etc.,  etc.  On  the  other 
hand,  between  these  quite  certain  and  most  valuable  phylo- 
genetic  points,  great  gaps  in  our  knowledge  unfortunately 
exist,  with  which  we  shall  again  and  again  meet,  and  whidt 
are  satisfactorily  explained  by  reasons  which  have  already 
been  named,,  especially  by  the  incompleteness  of  Fidteai- 
tology,  of  Comparative  Anatomy,  and  Ontogeny. 

In  the  first  attempts  to  construct  the  human  aacestnl 
line,  which  I  made  in  my  OenereUe  Morphologie,  and  in 
the  "Natural  History  of  Creation,"  I  arranged  first  ten, 
and,  later,  twenty-two  differei^t  animal  forms,  which,  with 
more  or  less  certainty,  may  be  regarded  as  the  animal  an» 
cestors  of  the  human  race,  and  which  must  be  looked  upon 
as  in  a  sense  the  most  important  stages  of  evolution  in 
the  long  evolutionary  series  from  the  one-celled  organisms 
up  to  Man.^  Of  these  twenty  to  twenty-two  animal  fomusi^ 
about  eight  fall  within  the  older  division  of  the  Inverte* 
brates,  while  twelve  to  fourteen  belong  to  the  more  recent 
Vertebrate  division.  How  these  twenty-two  most  important 
parent-forms  in  the  human  ancestral  line  are  distributed 
through  the  five  main  periods  of  the  organic  history  of  the 
earth,  is  shown  in  the  following  Table  (XYL).  At  least  half 
of  these  twenty-two  stages  of  evolution  (that  is,  the  eleven 
oldest  ancestral  forms)  are  found  within  the  Ari^TiilHHift 
Epoch,  within  that  first  main  period  of  the  organic  histoiy  of 
the  earth,  which  includes  the  larger  half  of  the  latter,  and 
during  which  probably  only  aquatic  organisms  existed.  The 
eleven  remaining  parent-forms  fall  within  the  four  remaining 
main  Epochs :  three  within  the  Palaeolithic  Epoch,  three 
within  the  Mesolithic  Epoch,  and  four  within  the  Osenolithie 
Epoch.  In  the  last,  the  Anthropolithic  Age,  Man  already 
existed. 
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If  vrc  would  now  undertake  die  difficult  attempt  to  di3- 
<iver  tho  pliylofr^netic  course  of  evolution  o£  these  twenty- 
«ro  human  ancestral  stages  from  the  very  ooramcncement  of 
ife,  anil  if  we  venture  to  lift  tlie  dark  veil  which  covers  the 
.M«^t  secrete  of  the  organic  history  of  the  earth,  we  must 
'.    abtedly  seek  the  first  beginning  of  life  among  those 
1 1  rful  living  beings  which,  under  the  name  of  Monera,  wo 
i«ve  already  frequently  pointed  out  as  the  simplest  known 
EB^guusiDS.      They    arc,    at   the   same   time,   the    simplest 
eonoeivable  organisms;   for  their  entire  body,  in  its  fully 
-.  .I'.ped   and  freely   moving   condition,   consists   merely 
'^mall  piece  of  structureless  primitive  slime  or  plosson, 
-mall  fragment  of  that  extraordinarily  impoi-tant  nitro- 
ns carbon  compound,  which  is  now  universally  esteemed 
ino!«t  important  material  substratum  of  all  the  active 
I .,  iiomena  of  life.     The  experiences  of  the  last  ten  years 
jiarticiilarly  have  convinced   us  with  more  and  more  cer- 
tainty that  wherever  a  natural  body  exhibits  the  active 
plienomena    of    life,    nutrition,    propagation,    spontaneous 
tUMvement.  and  sensation,  a  nitrogenous  carbon  compound, 
t«li>nging  to  the  eheniica!  group  of  albuminous  botlies,  is 
ftlwaytt  active,  and  represents  the  material  substance  through 
whid)   these  vital  activities  are  effected.      Whether,  in  a 
Riimittic  sense,  we  conceive  the  fimetion  as  the  direct  effect 
•if  the  formed  material  siibstance,  or,  in  a  dualistic  sense,  we 
regard  "  Matter  and  Force  "  as  distinct,  it  is  at  least  certain 
that,  hitherto,  no  living  organism  has  been  ob3er\'ed  in  which 
the  excrci«i;  of  vital  activities  was  not  inseparably  connected 
with   a   pla.<eoii-body.      In  the  Monera,  tho  simplest  con- 
ceivable "rganisms,  tho  whole  body  consists  merely  of  plas.son. 
ooTTTsponding  to  tlie  "  primitive  slime  "  of  earlier  natural 
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TABLE   XVI. 

Systematic  Survey  of  the  most  Important  Stages  in  the  Animil 

Ancestral  Line  of  Man. 

M  N  =  BooDdAxy  betwea  tbe  Invertebnto  and  the  Vettcbnta  AncMtow. 


Spoehi<iftke 
Orgamic 

nUto'  y  uf  tkt 
Sartk. 


Geologieal  Ptriodt 

qfth€ 

Organic  HUtory 

ofthtEnrUu 


I. 

ArohiUthic 

or 

Primordial 

Epoch 


1.  LuiirentUui  IVriod 

2.  Ounbrian  Period 

3.  SUorian  Ptfriod 


IL  ( 

PalSBolithio 
or         < 
Primary     I 
Epoch      \ 


4.  Devonkn  Period 

5.  Coal  Period 

6.  PermUn  Period 


m.         ( 

MOBOUthiO 

or        i 

Secondary  i 

Epoch      I 

/ 
IV. 
CsBnolithio 

or 

Tertiary 

Epoch 


7.  Triassic  Period 

8.  Jurassic  l^riod 
0.  Chalk  l*eriod 


10.  Eocene  INnriod 

11.  Miocene  Period 

12.  Pliocene  Period 


Animal 
Aftmt^SUiga 


-1^ 


Umin§MUikm 
•ftkt 
A  nentnU 


L  Monera 
(Jfenero) 

S.  OMeit  Amcelw 

3.  Amceboid  Societies 
(SliinamahkL) 

4.  dilated  pianuln 

(/fanntulT) 

5.  Primitive  Intes- 
tinal antnabi 
{^Gtutraada) 

6.  l*rimltive  Woniui 
(^ArdulmintkU) 

7.  Soft-wonni 
(Soolecida') 

8.  Chorda  animali 
(jCkordtMia) 


{ 


BMkybtat 
Prouimtia 
Stmpte  ABK^te 
iJStmMi 

MsraUbfni 
BlMtalslarai 

Oaatnlalana 


OiMinfWa 
(n««ellMite) 
?  Between  tbe  gUi- 
ingwonni  aodtti 


M- 


8ea-«|iiiiis  (ifetfi^ 
(4iijaaidfe«lTi») 


9.  Skall-leaa  animals 

(^Aerania) 

10.  Kound-moaths 

{Cjfdo$Um€) 

11.  PrimiUve  Fishes 

(JSdUuekii) 

12.  Salamander  Fislies' 

(/MjmeMta) 

13.  Gillcd  AmphibU 
{JSonbranckia) 

14.  Tailed  Amphibia 
{So9uraS_ 


{ 


16.  Primitive  Am- 

niota 

iProtamnia) 

16.  Primitive  Blam- 

maU 
(JPrmnamwutJUi) 

17.  Pouciicd  Animals 
(JftirtiijouUta) 


LampvejB 

(PWroaiyMiiftO 
Sharics 

— Hsns — 

(Frotopfem) 

Siran  (PMtM) 

andAzolea 

rairwiiii; 

WateMMWt 

(IWIsn) 


{ 


?  Between  TUled 
Amphtfaiaiisaad 
Pfs Vwl  snJMsls 


PooebadBaii 


18.  Semi-Apes 
{I*ro$imUi) 
19.  Tailed  Narrow- 
nosed  Apes 
•l-  20.  Men-lilce  Apesor 
'       Tail-less  Narruw- 
nowd  Apes. 
21.  Speeclilcas  Mra  or 
Ape-like  Men 


{ 


LorirAmsM) 

Maki(l.aBiii-) 

NosaApss 

Holy  Apes 

Gorilla,  Ghlmpaa- 

ne,OraB& 

Gibbon 

Crellna  or  MIcra* 

oephaU 


▼.  j   13.  Diluvial  Period  i  22.  Men    capable    of  < 

<^t«mAry  \   14.  Alluvial  Period  i         8P«ech  ( 

Epoch       ^ 


Anstratlans  and 
F^Hians 
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■■le  aofl  slimelike  plasson-substance  of  tlie  body  of  thc- 

lun  is  commrmly  caiied  " p}-otoplaBnm,"  &nA  identified 

Kith  the  cell-substance  of  ordinary  animal  and  plant  collie. 

^  however,  Ednani  van  Beneden,  in  his  excellent  work 

ipoQ   the  Orcgarinie,  first  clearly  pointed   out,  we   must, 

■l\'    speaking,    distinguish    thoroughly    between    the 

■  n  of  cytoda  and  the  protoplasm  of  cells.      This  dls- 

■II  is  of  special  importance  in  its  bearing  on  the  history 

.'ilution.     Afl  was  before  incidentally  mentioned,  we 

:i.Hsiuuc  two  different  stages  of  evolution  in  those  ele- 

i«ntaiy  organisma,  which,  as  formative  particles  or  plastids, 

BpteaeDt  organic  individuality  of  the  first  order.    The  older 

nd  lower  stage  is  that  of  the  cytods.  in  which  the  whole  body 

onsists  (if  bat  one  kind  of  albuminous  substance,  of  the 

implest  [rlasson  or  formative  material.      The  more  recent 

ad  higher  stage  is  that  of  cells,  in  which  a  separation  or 

liffcnnUation  of  the  original  plasson  into  two   different 

ands  of  albuminous  substances,  into  the  iimer  cell-kemcl 

ituc/«UJ>),  and  the  outer  cell-substance  (protaplasma),  has 

tlrcady  taken  pla«e. 

The  Uonera  are  the  simplest  permanent  C3^ds.  Their 
atiie  body  consists  merely  of  soft,  structureless  plasson. 
Sowcii'cr  thoroughly  we  examine  them  with  the  help  of 
ibe  most  delicate  chemical  reagents  and  the  strongest  optical 
BHtraments,  wo  yet  find  that  all  the  parts  are  completely 
hcBOgeDeoos.  Tliese  Monera  are,  therefore,  in  the  strictest 
MOW  of  thu  irord,  "  organisms  without  organs ; "  or  even,  in 
i  strictly  philosophical  sense,  they  might  not  even  be  called 
'  <nguiinii.s"  since  they  possess  no  organs,  since  they 
not  oomposed  of  various  particles.  They  can  only  bo  call* 
Drganinns^  in  bo  &r  as  tliey  are  capable  of  exercising 


Ued  I 

are  I 

lied 
the 
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organic  pLenoracna  of  life,  of  nutrition,  repruduction,  m 
tion,  and  uiovcment.  If  we  tried  to  construct,  a  priori, 
simplest  conceivable  organism,  we  should  aJways  be  c 
polled  to  fall  back  upon  such  a  Monera, 

Although  in  all  real  Monera  the  body  consists  me 
of  such  a  small  linng  piece  of  plaason,  yet,  among 
Monera,  which  have  been  observed  in  the  sea  aad 
fresh  water,  we  have  been  able  to  distinguish  several 
ferent  genera  and  species,  vaiying  in  the  mode  in  which  t 
tiny  bodies  move  and  reproduce.  In  the  ways  in  wl 
movement  is  accomplitihud  very  noticeable  difj'erencca  e; 


Pig.  163. — A  Uonercm  (Proiamcela)  in  the  act  of  i^pmdDOtfan :  A 
trbolu  MUDeton,  which  mures,  like  the  ordinary  AoKcba,  by  mouu  i 
pruceBses ;  B,  a  contmotiun  round  its  circnoifei'ciica  parts  it  iaU)  tl 
C,  the  two  halves  Bcpanite,  and  each  now  foruB  uu  inilopt^ndeDt 
(tnach  cnlnrg^)- 

In  some  Monera,  especially  in  the  Protamceba  (Fig.  1 

the   foi-mless  body,  during  its  movements,  invariably 

velops  only  a  few,  short,  and  blunt  processes,  which  prq 

like  fingers,  slowly  altering  their  form  and  size,  but  l 

branching.      In    other    Monera,    on   the   other  hand 

I  I'rotomyxa,  Myxastrum),  very  ninncrous,  long,  fine, 

I  generally  thread-Uke  processes   arise   from   the   sur&08 

I  the  movable  body,  and  these  braudi    irregnlaily. 
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ieir  free  mo\-ing  ends,  so  as  to  focm  a  net.     Hug( 
g  sucli  slime-ncts  crawl  upon  the  ileepest  Iwttom 
i  {BaUitfhius,  Fig.  164).     Within  these  soft  slime- 
iL'Ut  slow  currents  continually  pass.     Such  a 
[  may   bo   fed   with    finely   pulverized    colouring 
br   instance,   carmine  or   indigo  powder),  if  thial 
I  Mattered  in  the  drop  of  water  under  iha 
which    the  Moneron  is  contained.      The  giatni 
louring  matter  at  first  adhere  to  the  suiface  of  1 

boily,  and   then  gmdually  penetrate,  and  are  drivei 
^a  irregular  directions.     The  separate  smallest  pai 
^K  moleculeH,   of  the   Moneron-body,  called   "  pla 
^V^    displace    each    other,    change    their    relativ^ 
i  Ds,  and  thus  effect  a  cliange  in  the  position  of  the 
1    particles   of  colouring  matter.     This   change   of 
,  at  the,  sainc  time,  proves  positively  that  a  hidden 
ctare  does  not  exist.     It  might  Ih:  ar^ed  that 
,  are  not  really   structureless,  but  that   the 
loll  is  t)0  minute  that,  in  consequence  of  tiie  in-a 
ipowcr  of  our  magnifying  glosses,  it  is  invisiblQ 
Btion  is,  however,  invalid,  for  by  the  experimeid 
^g,  we  tan,  at  any  moment,  prove  the  entrance  ( 
funned,  small  bodies  into  the  diflerent  pai-te  of  t 
I  the  Moueroii,  and  that  these  arc  iiregularly  drivei 
]  directions     At  tlie  same  time  we  see  that  the 
I  network  of  threads,  formed  by  the  branching 
topUamic  threads  and  the  coalescence  of  the  con- 
inches,  alter  theii-  configui'ation  every  moment; 
I  long  been  known  to  occur  in  the  thread-nets 
lOtopla«m  in  the  interior  of  the  plant-cells.     Tha,_ 
i,  therefore,  really  homogeneous  and  structurelea 


fitL 
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sach  part  of  the  body  is  every  other  part  Each  part  can 
absorb  and  digest  nourishment ;  each  part  is  excitable  and 
sensitive;  each  part  can  move  itself  independently;  and' 
lastly,  each  part  is  capable  of  reproduction  and  regenera- 
tion. 

The  reproduction  of  Monera  always  occurs  asexually* 
In  the  Protamoeba  (Fig.  16S),  each  individual,  after  it 
has  grown  to  a  certain  size,  simply  separates  into  two 
pieces.  Round  the  circumference  of  the  body  a  contraction 
arises,  as  in  cell-division.  The  connection  between  the  two 
halves  continually  becomes  more  slender  {B),  and  finally 
parts  in  the  middle.  Thus,  in  the  simplest  possible  way, 
two  new  individuals  proceed  by  self-division  from  one 
quite  simple  individual  (0).  Other  Monera,  after  they  have 
grown  to  a  certain  size,  gather  themselves  together  into  a 
spherical  form.  The  globular  protoplasmic  body  exudes 
a  jelly-like  protecting  envelope,  and  a  breaking-up  of  the 
whole  plasson-ball  takes  place  within  this  covering;  it 
breaks  either  into  four  pieces  (Vampyrella),  or  into  a 
large  number  of  smaller  globules  {Protonionaa,  Protoniyxa; 
cf.  Plate  I.  in  the  "  Natural  History  of  Creation ").  After 
a  time,  these  globules  begin  to  move,  split  the  integument 
by  their  movement,  and  emerge;  after  which  they  float 
about  by  means  of  a  long,  thin,  thread-shaped  process. 
Each  again  passes  by  simple  growth  into  the  mature  form. 
Thus,  it  is  possible  to  distinguish  difierent  genera  and 
species  of  Monera,  on  one  hand,  by  the  form  of  the  different 
processes  of  the  body,  and,  on  the  other  hand,  by  the 
different  kind  and  manner  of  reproduction.  In  the  appendix 
to  my  monograph  of  the  Monei*a  I  enumerated  eight  genem 
and  sixteen  species  ("Biol.  Studien,"  vol.  i  p.  182).    The 
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irlublu  of  all  Monera  is  the  Bathybiiis,  which  was 

I  by  Hiixk-y  in  1868  (Fig.  104).     This  wonderful 

i  livM  in  the  det-pi.-st  parts  of  the  sua,  especially  iii 


—Buhitiiua  Ua-ckclii  (Uuxle}^).     A  lEnall  piece  ot  llie  formlesa 
ally  cluMiKing  piusaoD-uot  ot  this  Muiifivu  traiu  Uie  Atlantic 


^^■ptic  Ocean,  and  in  pLacca  covci's  the  whole  floor 
^^Ha  in  such  masses,  tlint  the  tine  mtid  on  the  latter 
Bl^  in  great  measure,  of  living  slimc.  The  protoplasm 
themi  formless  nets  does  not  seem  differentiated  at 
WfA  liUl«  piece  is  capablo  of  forming  an  individual. 
^^Me  amcebotd  movements  of  those  foi-mless  pieces  of 
^^B|iiicfa  were  Sxvt  observed  by  the  EngHsh  zoologists 
IPHr  and  Wy^'iUe  Thomson.  Iiavo  rcceintly  been  again 
irved  by  the  German  Arctic  voyager,  Emil  Bessels,  in 
BaUiybins  of  the  coast  of  Greenland."' 
~~.i  origin  and  importance  of  these  huge  masses  of 
t  irmlcKS  plaeson-bodics  in  the  lowest  depths  of  the- 
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sea,  raises  many  different  inquiries  and  thoughts.  Spoi 
taneous  generation,  especially,  is  naturally  suggested  by  tli 
Bathybius.  We  have  already  found  that,  for  the  origin  ( 
lirst  Monera  upon  our  globe,  the  assumption  of  spontaneov 
generation  is  a  necessary  hjrpothesis.  We  shall  be  all  tb 
more  inclined  to  confirm  it  now  that,  in  the  Monera,  we  hav 
recognized  those  simplest  organisms,  the  origin  of  whio 
by  spontaneous  generation,  in  the  present  condition  of  on 
science,  no  longer  involves  very  great  difficulties.  For  th 
Monera  actually  stand  on  the  very  boundary  betweei 
organic  and  inorganic  natuitd  bodies.^^ 

Next  to  the  simple  cytod-bodies  of  the  Monera,  as  tb 
second  ancestral  stage  in  the  human  pedigree  (as  in  that  Q 
all  other  animals),  comes  the  simple  cell,  that  most  undifferen 
tiated  cell-form,  which,  at  the  present  time,  still  leads  ai 
independent  solitaiy  life,  as  the  Amoeba.  For  the  first  an 
oldest  process  of  organic  differentiation,  which  affected  tfa 
homogeneous  and  structureless  plasson-body  of  the  MoDjon 
caused  the  separation  of  the  latter  into  two  different  sal 
stances ;  an  inner  firmer  substance,  the  kernel,  or  nucUm^ 
and  an  outer,  softer  substance,  the  cell-substance,  < 
protoplasma.  By.  this  extremely  important  separative  jhi 
cess,  by  the  differentiation  of  the  plasson  into  nucleus  ai 
protoplasm,  the  organized  cell  originated  fix>m  the  structur 
less  cytod,  the  nucleolated  from  the  non-nudeolated  plasti 
That  the  cells  which  first  appeared  upon  the  earth  origii 
ated  in  this  manner,  by  the  differentiation  of  the  Monera> 
a  conception  which  in  the  present  condition  of  histolo^c 
knowledge  seems  quite  allowable;  for  we  can  even  y 
directly  observe  this  oldest  histological  process  of  diffe 
entiation  in  Ontogeny.    It  will  be  remembered  that  in  tl 
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..-cell  of  animals,  either  before  or  after  fertilization,  tlu' 

-iual  kernel  dJsappeai'etl.    We  explained  this  phenomenon 

iL'  a  rcvcmon  or  atavism,  and  assumed  that  the  egg-cell, 

in  accordance  with  the  law   of  latent  heredity,  first  falls 

liAck  into  the  kemel-less,  cytotl  staye  (Fig.  l(jo).     It  is  only 

after   fovtilization  is  accomplished  that  a  new  cell-kernel 

arisea  in   this  cytod,  which   thus  becomes  tho  parent-CL-lI 

\C>iivla,  Fig.  1(}(J).     Tile  tiansitory  kemel-less  cytod-con- 

'i'jn,  intermediate  between  the  egg-cell  and  the  parent- 

'].  is   an   interesting  gcrni-foi'ni,   because,  in  accordance 

ill  the  fundamental  law  of  Biogeny,  it  reproduces   the 

L^'ioal.  oldest  paient-form  of  the  Moncron ;  we  therefore 

!l  it  ihi-  Monenda.     (Cf  vol.  i,  pp.  178-183.) 


1.  US. — Hooerola  of  M&uimal  (lULbit).    The  [ertilizad  egg-cell  aUec 

Mof  Lha  nuctona  U  a  simple  ball  of  protoplium  (<!}.  The  oaler  CDTering 

^  latter  it  tanned  I17  the  moiliGeil  lona  p^llucida  (r)  together  -with 

r  (ft)  oecretnl  □□  lo  Ihc  ootsido  of  the  lattor.    In  tbii  a  few 

«  Btni  Ti!iibls  (>), 

.    WO.— I^ir«nt.o«ll  <Ci,fuIa)    of   3    MnmmB]    (Rabbit):    t,    pamil, 

laanieli   ■,   mulm'tu  of  lie  latter;    ji,  [irDlogilusm  of  the  p&rcnt.cell ;    :. 
Awm»fMitdia.\  t,»fCsrm-Qp\H;  '1.  outer  ulbumiDonBKaTenDg. 
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We  have  already  explained  the  one-celled  germ-fonii, 
which  we  see  in  the  original  egg-cell  and  the  parent-cell 
which  is  originated  by  the  fertilization  of  the  egg-cell,  as 
the  reproduction  of  a  one-celled  parent-form,  to  which  we 
ascribed  the  organization  of  an  Amoeba  (c£  Chap.  VI.).  For 
the  Amoeba,  as  it  yet  lives  widely  distributed  in  the  fresb 
and  salt  waters  of  the  globe,  must  be  regarded  as  the  most 
undifferentiated  and  most  original  of  the  various  one-ceDed 
Primitive  Animals.  As  the  immature  primitive  egg-cells 
(which  as  "primitive  eggs"  or  Protova  are  found  in  the 
ovary  of  animals)  are  indistinguishable  from  ordinal^* 
Amoebae,  we  are  justified  in  pointing  to  the  Amoeba  as  tlie 
one-celled  phylogenetic  form,  which,  in  accordance  with  tlie 
fundamental  law  of  Biogeny,  is  at  the  present  time  yet 
reproduced  in  the  ontogenetic  primitive  condition  of  the 
**  Amoeboid  egg-cell."  As  evidence  of  the  striking  cor- 
respondence of  the  two  cells,  it  was  incidentally  men- 
tioned that  in  the  case  of  some  Sponges  the  real  eggs  of 
these  animals  were  formerly  described  as  parasitic  Amoeba*. 
Large  one-celled  Amoeba-like  oi^ganisms  were  seen  creeping 
about  in  the  interior  of  the  Sponge,  and  were  mistaken  for 
l)arasites.  It  was  only  afterwards  that  it  was  discovered 
that  these  "parasitic  Amoeba) "  (Fig.  168)  are  really  the  eggj^ 
of  the  Sponge,  from  which  the  young  Sponges  develop. 
These  egg-cells  of  the  Sponge  are,  however,  so  like  the 
true  common  Amoebae  (Fig.  167)  in  size  and  structure,  in 
the  nature  of  their  nuclei  and  in  the  characteristic  form  of 
movement  of  their  continually  changing  fake-feet  (paeuilo- 
vodm),  that,  unless  their  source  is  known,  it  is  impossible 
to  distinguish  them. 

This  phylogenetic  explanation  of  the  egg-cell  and  it5 
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:-iice  lij  the  priuueval  aiicestml  form  of  the  Amceba, 
I  (Ijr  enabled  uh  to  give  a  definite  answer  to  the  okl  hii- 
us  ridille:  'Wiiicli  was  first,  the  egg  or  the  lien?    We  can 


>7. — A  crawling  A mujbii  (mucli  eulni^eil).   The  wbol^orgntiism  Imi 

'  D  simple  DKkeil  coll  and  mavcB  about  b;  nieane  of  clmugi.'- 

lich  B.rit  eitcnilfd  from  tUa  protaplasmia  body  and  again 

In   the  iiiidde  is   tlie  bright-coloured,  miuidi»h  cell-kemel  or 

8. — F«g-ccil  of  n  Chalk-SpoDgo  (OlyulKui).    T)ic  egg-ccil  creqis 
■  the  bod;  of  Ihe  Hpon^  by  extending  loriablo  proceases,  like  thoHe 
•t  ^h»  taOtamrj  Aiutcb*, 


iwjw  very  simply  answei'  this' Sphinx-question,  with  which 
oar  op|ionciitfi  try  to  shake  or  c^■en  to  refute  the  Theory  of 
Erolution.  The  "•■jy  exi»t*'fl  much  oai'litT  than  Uie  hen.  Of 
B  it  did  not  exist  in  the  fonn  of  a  binl's  egg.  hut  as  an 
intjated  aiuisboid  cell  of  the  simplest  form.  The 
[  independently  during  thousands  of  years  as  a 
iii[Tpst  oncf-celled  organism,  as  tlie  Amceba.  It  was  only 
I  (111-  dirsopndant.s  of  tln-se  unc-cellcd  Primitive  AnimaU 
devi'1op(!(l  into  niany-celled  animal  forms,  and  after 
had  sexually  ditforcntiated,  that  the  egg,  in  the  present 
jj<jgical  sense  of  the  word,  otiginated  from  the  ama- 
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bold  cell.  Even  theu,  tlie  egg  was  first  a  Gastrsoa-egg,  then 
a  Worm-egg,  then  an  Acrania-egg,  tlien  a  Fish-egg,  an  Am- 
phibian-egg, a  Reptile-egg,  and  lastly,  a  Bird-egg.  The  egg 
of  the  Bird,  as  it  now  is,  is  a  most  complex  historical  pro- 
duct, the  result  of  countless  processes  of  heredity,  which 
have  occurred  in  the  course  of  many  millions  of  years.^ 

The  fact  that  this  primitive  egg-form,  as  it  first  appears 
in  the  ovary  of  the  most  dissimilar  animals,  is  always  of 
one  form,  an  undifferentiated  cell,  of  the  simplest  amcBboid 
cliaractcr,  has  already  been  pointed  out  as  an  especially 
impoi'tant  phenomenon.  In  this  earliest  young 
inmiediately  after  the  individual  egg-cell  has  ori] 
consequence  of  a  separation  of  the  cells  of  the 
ovary,  no  essential  difference  is  recognizable  in  the 
of  the  most  dissimilar  animals.  (Cf.  Fig.  10,  vol  i  p- 184.^ 
is  not  till  later,  when  the  primitive  egg-cells,  or  the  pru 
oggs  (jprotova),  have  absorbed  different  kinds  of  nutritive^ 
yelk,  and  have  surrounded  themselves  with  variously  formed 
coverings,  and  in  other  ways  diffei'entiated — it  is  not  till 
they  have  in  this  way  changed  into  after-eggs  (metova), 
that  those  of  different  classes  of  animals  can  usually  be 
distinguishecL  Tliese  peculiarities  of  the  developed  after- 
egg,  the  mature  egg,  are  naturally  to  be  considered  as  only 
secondarily  acquired,  by  adaptation  to  the  different  con- 
ditions of  existence  both  of  the  egg  itself  and  of  the  animal 
which  forms  the  egg. 

The  two  fii'st  and  oldest  ancestral  forms  of  the  human 
i*ace,  which  we  have  now  considei-ed,  the  Moneron  and  the 
Amaba,  are,  considered  from  a  morphological  point  of  view, 
^simple  organisms  and  individuals  of  the  first  order,  Plastids. 
All  subsequent  stages  in  the  ancestral  chain  are,  on  the 
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r  banil,  coiDpoond  oi^nisms  or  iDclivicluaU  of  higher 

:-r— -sociiil   aggregations    of   a.   uumber   of   cells.      The 

ii'jst   of  thest,  which,  under  the  name  of  Synainceba-, 

T[in»t  rank  as  Uie  thml  stage  of  our  pedigree,  are  quite 

:iiple  Bocietjea  of  all  homogeneoua  undifferentiated  cells; 

amojlwid  coimnunities.     To  be  ceiiain  as  to  theii-  nature 

And  origin,  we  need  onlj'  trace  the  ontogenetic  product  of 

tlxi  larent-tell  step  by  step.     After  the  cytiila  (Fig.  16C) 

has   originated,  by  the  re-fomiatiou  of  a  ccll-kemel,  from 


Fig.  IW. -Orlgiiinl    or    rr-riiiivl  ul      ),  i     n  age       The    jm  e        dl       r 

t^tota.  ybich  ramtted  from  Ibe  fcrt  I  zation  ut  tlio  egg  cell    hreC  b  -eakg    p, 

by  ■  miDtiDUOiu  Biid  regnlar  proi^eiu  of  d  Tis  on   into  two  cells  (.4}   then    nCu 

I'.Tir  ^B),  tbrii  into  eight  (C),  luul,  lattif   into     irf  i  uQ  rrons  cicarsgc* 

.-  n-  (i'l. 

..  M'^ruIafFig.  IC5),the  parcnt-ce!l  buak    up  \\  r  ptat   1 

> L'^ion,  into  numerous  celh     We  laM.  ah  ady   imnuttly 

.^luined   this  important   process   of 

,'-cl«avage.  and  have  found  tliat  all 

i    various   modes  of  the   latter  are 

:    lifications   of  a  single  nioile,  that 

"riginal    or    primordial    cleava^'O. 

r.  Clutp.  Vlll.,  p,  188.)     In  the  Ver- 

rate  line  tbis  palingenetic  fonii  nf 

-  cieavwgo   l****  ^^en  accurately  re- 


PiR  170— Molbem- 
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taincd  to  the  present  time  only  by  the  Amphioxus,  while 
all  other  Vertebrates  have  assumed  a  modified  kenogenetic 
form  of  cleavage.    (Cf.  Table  III.,  vol.  i.  p.  241.)    .The  latter 
certainly  originated  at  a  later  perioil  than  the  fortner,  and 
the  egg-cleavage  of  the  Amphioxus  is,  therefore,  exiremdj 
interesting  (vol.   i;  p.  442).     In  this  the  parent-cell  first 
paiis  into  two  similar  cells,   the  two  first  deavage-celb 
(Fig.  109,  A),    From  these,  by  continuous  division,  arise ; 
4,  8,  16,  32,  04  cells,  etc,  etc.  (Fig.  169).    The  final  legalt  rf  j 
this  primordial  cleavage  was,  we  found,  the  formation  of  a  I 
globular  mass  of  cells,  which  was  entirely  composed  of  homo- 
geneous, undifierentiated  cells   of  the   simplest  chaincter 
(Figs.  170,  and  171,  E).    On  account  of  the  resemblanee 
which  this  globular  mass  of  cells  bears  to  a  mulberry  or 
blackberry,  we  called  it  the  "  mulberry-germ,"  or  morvla. 

This  "  morula "  evidently  at  the  present  day  shows  us 
the  many-celled  animal  body  in  the  same  entirely  simple 
primitive  condition  in  which,  in  the  earlier  Laurentian 
primitive  epoch,  it  first  originated  from  the  one-celled 
amceboid  primitive  animal  form.  The  morula  reproduces, 
in  accordance  with  the  fundamental  law  of  Biogeny,  the 
ancestral  form  of  the  Synamoeba.  For  the  first  cell-com- 
munities, which  then  foiiued,  and  which  laid  the  first 
foundation  of  the  higher  many-celled  animal  body^  must 
have  consisted  entirely  of  homogeneous  and  quite  simple 
amoeboid  cells.  The  earliest  Am(Bba3  lived  isolated  hmnit 
lives,  and  the  amoeboid  cells,  which  originated  firom  the 
division  of  these  one-celled  organisms,  must  also  have  lafBf^ 
lived  isolated  and  self-dependent  lives.  Gradually^  however, 
by  the  side  of  these  one-celled  Primitive  Aniipiiliy^  oomD 
amoeboid   communities  arose,  owing  to  the  fact  thai  the 


<iER«I.\ATIOX   OF  A  cnRAT.. 


6o 


TUi:   liVOH-TlMN   VV   MAN. 


Various  kinds  of  Pi'iiiiitivo  Aniumis,  wliich 
both  in  the  sea  and  in  fresh  water,  ai-e  formed  e 
like  the  blastula,  and  "nhich,  in  a  certain  sense,  may 
sidered  as  i)ennanent  or  perelstent  blastula-forms,. 
vesicles,  the  wall  of  which  is  formed  of  a  single  etr 
dliatcd  homogeneous  cells.  These  Plana^ads.  or  BU 
as  tliey  may  bo  calK-d,  are  formet^I  in  tlie  verj'  mixed 
of  the  Flagellata!,  esfK'cially  the  Volvoces  (for  i 
Symtrd).  I  noticed  in  Sejiteralwr,  1869,  on  the  Island 
on  the  coast  of  Norway,  aiinthi;r  veiy  interesting  for 
I  uam^Kl  Mtigmpha-iu  jyhtnuia  (Figs.  172,  173),  ' 
doAcIoped  body  of  this  forms  a  globulw  vesicle,  tlie 
which  is  eonipoat'd  of  fi-oiii  thirty  to  forty  vibratoij 
^^'enciiiis  wUs.  anil  which  swims  about  freely  in  the  s 
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ached  maturity  the  society  ilissolvcs.     Each  aepa- 

-t  ill  livps  &  while  independently,  gi-ows,  and  changes 

crawling  Amceba.     This  afterwards  assumes  a  globii- 

mi,   and   fucases   itself   by   exuding  a   structureless 

ment.     The  cell  now  lias  jiist  the  appearance  of  a 

am  luuiaal  egg.    After  it  has  remained  for  a  time  in 

inesoent  state,  the  cell  breaks  up,  by  means  of  con- 

I    diviiuoii,  first  into  2,  then  into   4,  8,  16,  32  cells. 

_Tiin  arrange  themselves  so  as  to  form  a  globular 

lit  forth  cilia,  and  bursting  the  encasing  integu- 

.  im   about   in   the    same    Magosphaji-a-form   from 

i    -.tartetL    This  accomplishes  the  entire  Hfc-history 

iiiatkable  Primitive  Animal.^" 

compare  these  permanent  blastula-forms  with  the 

',  iuiming   Flimmer- larva?   or  plan u la-condition,   of 

-■tnioture,  of  many  other  lower  animals,  we  may 

ceit*inty  infer  therefrom   the  former   existence  of  a 

bvbI  and   long-extinct   parent-form,  the  structure   of 

'  <viiH  essentially  like  that  of  the  planula  or  blastula. 

lall  this  the  Planiea,  or  BlasUea.     The  wliolo  body, 

ly  developed  coniUtJon,  consisted  of  a  simple  hollow 

;■(!  with  fluid   or  structureless  jelly,  the  wall  of 

■    [in«d    a    single    stratum    of   homogeneous    cells, 

■vith  cilia.     Many  diffeivnt  kinds  and  species  of 

ko  Primitive  Animals  must  certainly  have  existed 

:  ■!  a  distinct  class  of  Pi-otozoa,  which  we  may  call 

■  w\maxera{PlaTi(eada).    A  remarkable  proof  of  the 

:  hiloHophical  genius  with  which  Karl  Ernst  Baer 

I  into  the  deepest  secrets  of  the  history  of  animal 

I  i^  that,  as  early  as  the  year  1828  (ten  years  before 

^leory  was  established),  ho  guessed  the  significance 
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of  the  blastosphsera,  and,  truly  prophetically,  insb 

it  in  his  classical  "  Entwickelongsgeschichte  der 

(vol.  L  p.  223).    The  passage  in  question  says :  "  Tl 

back  we  go  in  evolution,  the  more   do  we  find 

spondence  in  very  different  animals.     This  leads 

question:  Are  not  all  animals  in  the  beginning 

evolution  essentially  alike,  and  is  there  not  a  prin 

common  to  all  ?    As  the  germ  is  the  undevelop< 

itself,  it  is  not  without  reason  that  it  is  asserted 

simple  vesicular  form  is  the  common  primitive  i 

which  all  animals,  not  only  ideally,  but  also  hi 

develop."    This  latter  sentence  has  not  only  ob 

but  also  phylogenetic  significance,  and  is  all  the  c 

worthy  because  the  blastula  of  the  most  diverse 

and  the  constitution  of  its  wall  of  a  single  cell-stn 

not  then  known.    And  yet  Baer,  in  spite  of  th< 

deficiency  of  his  empiric  grounds,  ventured  the  I 

ment:  "At  their  first  appearance  all  animals  ar 

alike,  and  are  merely  hollow  globes." 

Next  to  the  primaeval  ancestral  form  of  the  ] 

the  fifth  stage  in  the  human  pedigree,  is  the  Gastn 

which  arises  from  the  Plansoa.     Of  all  ancestral  i 

as  we  have  already  shown,  is  of  pre-eminent  ph 

significance.    Its  former  existence  is  certainly  pro^ 

very  important  gastrula>  which  is  met  with  as  a 

germ-stage  in  the  ontogeny  of  the  most  variou 

(Fig.  171,  I>  J^'    We  found  that  the  gastrula,  in  ii 

palingenetic  form,  is  a  globular,  oval  or  oblong-rc 

with  one  axis  which  has  a  simple  cavity  with  oi 

(at  one  pole  of  the  axis).     This  is  the  primitive 

cavity  with  its  mouth-opening.    The  intestinal  wj 
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n  eell-eb-ata,  which  are,  in  fact,  the  two  primai^-  gcrm- 
i,tlie  animal  skin-layer,  and  tho  vegetative  intestinal 

He  ontogenetic  origin  of  the  gastrula  from  the  blastula 

t  the  present  day  affords  ns  trustworthy  intelligence  as  to 

B  pliylogenotic  origin  of  thf*  Gastnca  from  the  Piantea. 

Be  founil  that  on  one  t>ide  of  the  glohidar  genu-memhrano 

bicle  a  groove-lik(!  depression  begins,  and  this  inversion 

inmifinnlio)  becomes  eontinnally  deeper  (Fig.  171,  H).    At 

i  it  is  sij  great,  tlmt  the  outer,  inverted  part  of  the  geim- 

mbmne,  or  blastoderm,  attaches  itself  closely  to  the  inner, 

tB«-erted  portion  (Fig.  171,  /).     Now,  if  guided  by  tliis 

metic  process,  we  wish  to  conceive  the  phylogenetic 

a  of  the  Gastnea  in  accordance  with  the  fundamental 

r  of  Biogeny,  we  must  imagine  that  the  one-layered  cell 

cty  of  the  globular  Planiea  began,  especially  at  one  [Mint 

Kite  surface,  to  absorb  nourishment.    At  the  nutritive  point 

B  the  surface  of  the  ball  a  groove-like  depression  wa-s  gi-a- 

illy  formed  by  natural  selection.     The  gi-oove,  which  was 

|k  first  qnitt;  shallow,  in  course  of  time  became  continually 

The    function    of   nouiishing,    of  absorption    of 

inent,   and   dige.stion.  was    soon  limited  to  the  cells 

1  lined  the  groove,  wliile  the  other  cells  undeiiook  the 

I  of  movement  and  covering.     Thus  originated  the 

t  divhaoa  of  labour  among  the  originally  homogeneous 

B  of  the  Plansea. 

'  The  first  result  of  tliis  earliest  histological  differentia- 

,  vraA  the  distinction  of  two  different  kinds   of  cells ; 

I  the  hollow  the  nutritive  cells,  without,  on  the  sur- 

bm,  the  motive  or  locomotive  cells.     The  distinction  of  the 

:  vo  primary'  germdayei's  was  thus  caused.     The  inner  cells 
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of  the  hoHow  formed  the  inner  or  Tentative  layer,  acooni^ 
plishing  the  functions  of  nutrition ;  the  outer  cells  of  tiM 
covering  formed  the  outer  or  animal  layer,  exercising  tin 
fimctions  of  locomotion  and  covering  the  body.  This 
first  and  oldest  process  of  differentiation  is  of  su^h  funda- 
mental significance  that  it  deserves  the  deepest  thouj^ 
When  we  consider  that  the  body  of  the  human  beiiM 
with  all  its  different  parts,  and  also  the  body  of  all  othei 
higher  animals,  originates  from  these  two  simple  primaij 
geim-layers,  we  cannot  over-estimate  the  phylogenelie 
significance  of  the  gastrula.  For  in  the  quite  simple  primi- 
tive intestine,  or  the  primitive  intestinal  cavity  of  the 
gastrula  and  its  simple  mouth-opening,  the  first  real  02:^ 
of  the  animal  body,  in  a  morphological  sense,  is  gained; 
the  earliest  genuine  organ,  from  which  all  the  other  organs 
have  differentiated  at  a  later  period.  The  whole  body  of 
the  gastrula  is  really  only  a  "  primitive  intestine." 

We  have  already  pointed  out  the  remarkable  agreement 
between  the  palingenetic  gastrula-forms  of  animals  of  the 
most  diverse  classes;  of  Sponges  (Fig.  174,  A),  Polyps, 
Corals  (Fig  171,  /),  Medusa>,  Woims  (Fig.  175,  B)  Stsr- 
animals  {Echlnodermay  C),  Articulated  Animals  (Artlnv- 
2>oda,  D),  Soft-bodied  Animals  (Molluaca,  E),  and  Verte- 
brates (F).  All  these  various  forms  of  the  palingenetic 
gastrula  are  much  alike,  and  are  only  distinguished  by  such 
unessential  and  subordinate  peculiarities,  that  the  systematic 
zoologist,  in  his  "  natural  system,"  could  only  represent  them 
as  different  species  of  a  single  genus.  The  various  kenoge- 
netic  gastrula-forms  which  have  been  described  were  also 
referable  to  that  original  palingenetic  form  (voL  i.  p.  231).  The 
gastrula  proved  to  be  a  germ-form  common  to  all  classes  of 
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^^Bs,  with  the  exception  of  the  Protozoa.     This  Liglily 

^^Hwit  fkct  jiistiiics  the  inference  in  accordsuce  with  tho 

tmiliimentAl  Iaw  of  Biogeny,   thAt  the  various  aiicestiaJ 


Tia.  174. — (il)  Ciutnikof  ft  Zoaphjte  {Gattraphytetaa),  BaeckeV 

rti.  175.— (JO  GmI™U  of  a  Worm  (arrow-worm,  SayiUa).   After  Kowa- 

no.   ITR— <C)   OBBlmla  of  an  Kohinoderm  (Slar-liflli.  (7™»'w)-    After 
luulcr  Aguat. 

I'i«-177.— (D)  GaitniU  of  «n  Arthropod  (Primitive  Grab,  jr<iiipli"J). 
firj.    17a— <ff)    GMtmlft  of  a  MollugO  (Pond-Bnail,    Limnaui).     After 
..-:  Ratil. 
Fio,  17B.— (F)  OMtrulB  of  a  Terlcbrate  (Lancelet,  AjnpJiiotni)     AftOT 

VOL  a  f 
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lines  of  all  these  classes  of  animals  have  developed  phylo 
genetically  from  the  same  parent-form.  This  most  signifi- 
cant primaeval  parent-form  is  the  Gastraea. 

The  Gastrea  was  at  any  rate  already  present  in  thfi 
sea  during  the  Laurentian  period^  and  by  means  of  its 
vibratory  fringe  hurried  about  in  the  water,  just  like  tbe 
yet  extant  free-moving  ciliated  gastrulse  of  this  age.  Fro* 
bably  the  primaeval  Gastrsea^  which  has  been  extinct  for 
many  millions  of  years,  differed  from  the  living  gastruk 
of  the  present  day  only  in  some  unessential  poinl  On 
grounds  derived  from  Comparative  Anatomy  and  Ontogeny, 
the  explanation  of  which  would  lead  us  too  fio;  we  may 
assume  that  the  Gastrsea  had  already  acquired  sezoal  re- 
production, and  did  not  only  propagate  its  spedes  aaexnally 
(by  division — ^bud-formation  or  spore-formation),  as  ynA 
probably  the  case  with  the  four  preceding  ancestral  stage& 
Presumably,  single  cells  of  the  primary  germ-layers  as- 
sumed the  character  of  egg-cells,  others  that  of  fertili2dDg 
seed-cells.  (Cf.  Chapter  XXV.)  This  hypothesis  is  founded 
on  the  fact  that  sexual  reproduction  is  yet  met  with  in  the 
same  simple  forms  in  the  lowest  Plant-Animals  (Zoophyta)i 
..AsoeciaUt^in  the  Sponges. 

Two  small  animal  forms  are  especially  interesting  in 
their  bearing  on  this  aspect  of  the  Gastrsea  theory.  They 
have  as  yet  been  little  observed,  but  of  aJl  extant  animah 
they  are  most  nearly  allied  to  the  primaeval  Gastrsea,  and 
may  therefore  be  called  ''the  Gastraeads  of  the  present 
day."  ^^  One  of  these  animals,  Haliphysema  (Figs.  180  and 
181),  has  been  described  by  Bowerbank  as  a  Sponge ;  the 
other,  Oastrophysema,  by  Carter  as  a  Rhizopod  (as  "  Squa- 
mulina  "),    The  entire  mature  body  of  the  developed  perscw 
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ilaliphyeema  funns  a  most  simple,  cylindricaJ  or  egg- 

:[)'d  pouch,  the  wall  of  whicli  consists  of  two  cell-strata. 

1  be  cavity  of  the  pouch   is  the  stomach-cavity,  and  the 


rir.«.  180,  ihi .^Ualiphyttraa  pn'mordtnl*,  ftn  cxUmt  Oastrceo-fotm. 
-    IM).    EiMmal  viow  oE  tbo  whole  apindla-sbBped  aoiinal   (attached  by 

'uo4  to  Mmifted).  Fig.  181.  Loagitndinol  seoticm  of  tho  aaine.  Tbo 
^iliVQ  iotaatiDe  (d)  opens  at  its  upper  end  in  the  primitiTS  mimth  (i»). 
-.woaa  tb»  wfaip-celU  (g)  lie  amisboid  eggs  (r|.  The  skin-layet  (ft)  boluw 
rr-crmuA  with  gnioB  of  sBcd,  above  with  BpoDge-spicnlea. 

'  ning  at  the  top  is  the  mouth-opening  (Fig.  181,  m). 
!■■  two  cell-tilrata  furming  the  wall  of  the  pouch  are  the 
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two  primary  germ- layers.  These  most  Bimple  Plant- 
iliffer  from  the  gastrula  principally  in  the  fact  th 
former  are  attached  by  one  end  (that  opposite  to  the 
oiHining)  to  the  bottom  of  the  sea,  while  the  Istl 
free.  Moreover,  the  cells  of  the  skin-layer  ai'e  coalesce 
have  included  many  foreign  bodies,  such  as 
sand-grains,  etc.,  wliich  serve  to  support  tlie  bod 
(Fig.  180).  The  intestinal  layer,  on  the  other  ham 
sists  merely  of  a  stratum  of  ciliated  cells  (Fig  II 
When  the  HalipJij/Bcma  is  sexually  mature,  individiu 
of  its  entoderm  assume  the  character  of  female 
on  the  other  hand,  individual  culls  of  its  exoderm  I 
male  seed-cells ;  the  fei-tilization  uf  the  former  by  the 


FlflB.  182,  183,— AbcuIo  of  a  Spon^  (Oli/nthm].    l"ig.  IBi 
iide;  Fig.  183,  in  longitodinftl  section:  g,  primitiTO  ii 
mouth  J  I,  intastiuAl  la^er;  «,  skin-layer. 
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I  place  directly  through  the  stomach-cavity.  A  tnie 
enetic  gaalrula  (Fig.  174)  develops,  just  aa  in  tho 
tenia  (Fig.  17X),  from  the  fertilized  egg.  This  swims 
for  a  time  in  the  sea,  then  attaches  itself,  and  in  this 
resemhles  a  simple  young-form,  which  occurs  in  the 
(  of  the  evolution  of  many  other  Plant-Animals,  and 
I  is  called  the  ascula  (Figs.  182,  1S3).  In  consequence 
•  absuq>tion  of  foreign  bodies  by  the  exoderm,  it 
L  <me!i  the  Halipkyaema. 

When  wa  consider  lliat  thei-e  is  no  oilier  impoi-tant 
ili.ience  between  the  fi-ee-swimniing  gaatrula  and  this 
tched,  simplest  Plant-animal,  we  are  faiily  justified  in 
(irg  that  in  the  simploHt  form  of  Gastrsea  aesual  repro- 
;';iion  must  have  taken  place  in  the  same  way.  In  the 
-trwatle,  just  as  in  Plant-animal-s  both  kinds  of  sexual 
.1, — egg-cella  and  spcrm-cella — must  have  formed  in  the 
-111'!  peraon;  the  oldest  Gastnead'^  must,  therefore,  have 
ri  hrnoftphrodite.  For  Compai-ative  Anatomy  shows 
ii  hermaphroditism,  that  is,  the  union  of  both  kinds  of 
ii;il  cells  in  one  individual,  is  the  oldest  and  original  eon- 
ii'-n  of  .^xual  differentiation;  the  separation  of  the  sexes 
.  j^icidiorismua)  did  not  originate  till  a  lator  period. 
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TABLE    XVII. 

Sjatematic  Sorvej  of  the  five  earliest  evolatioiiarj  stages  of  the  Haman  Ain 
oestral  Line,  compared  with  the  five  earliest  stages  of  IndiTidnal  and 
of  Systematic  Evolntion. 


Vorm-Valuo 

Of  the  live  earliest 
stages  of  the  animal 
body. 


1. 

First  Singe. 
A  quite  simple  cytod 


Fhylogeny. 

The  live  eariiest 
stages  in  the  evolu- 
tion of  the  tribe. 


1. 

Konera. 

The  oldest  animal 


(a  non-nudeated  plas-  ;  Monera    (originating 


Ud). 


2. 

Second  Stage. 

A    simple    oell    (a 
nucleated  plastid). 


8. 

Third  Stage. 

A  quite  simple  ag- 
gregation of  simple, 
■Inmar  cells. 


4. 

Fourth  Stage. 

A  simple  hollow  globe, 
filled  with  liquid,  the 
wall  of  which  consists 
of  a  single  stratum  of 
homogeneous  cells. 


5. 

Fifth  St<ige. 

A  hollow  body,  with 
a  single  axis,  the  wall 
of  which  consists  of 
different  cell-strata ; 
with  an  opening  at  one 
poleoftheazia. 


by  spontaneous  gene- 
ration). 


2. 

AmcBba. 

Oldest  animal  Amoeba. 


8. 
SynamcBba. 

The  oldest  aggrega- 
tion of  animal  Amoebn. 


4. 

Flanm. 

An  animal  hollow 
globe,  the  wall  of 
which  consists  of  a 
single  stratum  of 
ciliated  cells. 
(JbloMtaa.') 


5. 

Gastrsa. 

Parent-form  of  in- 
testinal animals,  or 
Metatoa.  Simple  pri- 
mitive intestine  with 
primitive  mouth.  The 
l)ody-wall  is  formed 
by  the  exoderm  and 
the  entoderm. 


(hitogenj. 

The  live  earliest 
stages  in  the  evolu- 
tion of  the  genn. 


1. 

Konsnila. 

A  non  -  nucleated 
animal-«gg  (after  fer- 
tilization and  ailer 
lom  of  the  germ- 
vesicle). 

I 

2. 

Qjtnla. 

A  nucleated,  ferti- 
lised animal-egg  {**  first 
cleavage  i^obulc  "). 


3. 
Xomla. 

**  Mulberry-genn.'* 
A  globular  mass  of 
cleavageHseUs. 


4. 
Blastnla. 

A  hollow  globe,  the 
wall  of  whidi  consists 
of  a  single  stratum 
of  homogeneous  cells 
(the  Planula  of  lower 
animnls). 

(bUutonhcnu.) 


5. 
'  Gtstmla. 

Intestinal  larva. 

A  simple  intestinal 
cavity  with  a  mouth- 
opening.  The  body- 
wall  is  formed  by  the 
two  primaiy 
U^rs. 


The  Sjftam. 

The     five    eariieft 
stages  in  the 
system. 


1. 

XonanL 

Protamoeba,  Batbj-- 
Uus,  and  other  exuot 
Monera. 


2. 

AmoBba. 
Extant  Amceba. 


3. 
Labyiiathula. 

A  mass  of  simiki; 
one -celled  primitiTe 
animals. 

\ 

4. 
XagYMphnra. 

A  boUoiw  globe,  the 
wall  of  trhkn  consists 
of  a  single  stratum  of 
homogeneous  cUiated 
oeUs. 


HaUj^hjiMaia. 

A  quite  rfmiple  plant- 
animal.  An  unartku- 
lated  imiayjal  penon, 
the  body-wall  ox  which 
consistB  of  tlM  ezodenn 
and  the  esUdexm. 


CHAPTER  XVIL 

THE  ASCESTBAL  SEBIES  OF  MAN. 

'!  — Fboji  the  FacanvE  Wobm  to  thk  Skulled  AimiAL. 

Tiiiir  Higher  Animal  Tribes  are  dcBoended  from  the  Worm  THbe.—Tho 
DBMeadanU  of  the  Goititeai  iu  one  direction  the  Poreat  Form  of  Plant- 
*"""»l»  (Sponges  Bud  Sea-Nettlea),  in  the  other  the  pEireiit  Form  or 
Wointia. — Bsdiatc  form  ot  the  former,  Bilateral  form  of  the  latter.— Thu 
Two  Unin  Diviaions  of  the  Worma,  Accelomi  and  Cmlomftti  i  the  former 
nilhunl,  ilia  Utter  with,  a  Bod7  Cavity  and  Blood-yesBel  Sj'atem.^ 
.  xtbAncieiilral  Stage  ;  Archelmintbes,  most  nesrlj  allied  to  TnrbpUaria. 
-Ucsccml  of  the  Crelomati  from  the  Actelomi. — Mantled  Animals 
(Tuntcala)  tutd  Chorda-Animals  [Ckordonia), — Seventh  Stage:  Soft- 
Worma  iSecleeida), — A  Sido  Branch  of  the  latter  :  tho  Acorn- Worm 
(BotoM^Iotfiu). — Differentiation  of  the  Inteatinal  Tnbo  into  GiU-intos- 
iioa  and  Btomaoh-intQitine. — Eighth  Stage:  Chorda-Animals  (C'lar 
■'■miay. — AMidian  Larvft  exhibits  the  Oatline  ot  a  Chorda- Animal.^ 
'I  satruction  of  the  Notoohord. — Mantled  AnimaU  and  Vertebratoa  an 
1 ':  1  Eiging  Branches  of  Charda-AiumalB.^SepanktiaQ  of  Vertebratoa  from 
..  otbor  Higher  Animal  Tribea  (Articulated  Animala,  StaT-Ammals, 
-^tl-bodied  Animalfl). — Significance  of  the  Metameric  Formation--— 
&ku]l-Ua*  Animals  (.tcrania]  and  Skniled  *nimn|ii  (CToniota). — Ninth 
AnM<«b>l  Stage  :  SIcolMeeH  Animals. — ^Amphioxos  and  Frimitivo  Vertc- 
brMii. — Derelopment  of  Skniled  Animals  (CoDstruction  of  the  E 
Kknil,  sad  Brain).— Tenth  Ancestml  St^^ :  Skniled  Animals,  allied 
Ic  tbo  Cjrcloatcam  IMyxinoida  and  Pafromyconidii), 


*  Kot  like  the  gods  am  I !    Fall  well  I  know  i 

But  like  the  worm  which  in  the  doet  mast  go 

And.  Rnding  in  the  doiiL  his  life  nod  kuilI, 

la  crashed  and  buried  by  the  traTelloi't  heel. 


72  THE  EVOLUTION  OF  MAN. 

Why  doflt  thoa  grin  at  me,  ihoa  hollow  skull  f 
As  thongh  of  old  thj  brain,  like  mine,  was  Tezed* 

Had  looked  to  find  bright  day,  bat  in  the  twilight  doll, 
In  search  for  tmth,  was  sad  and  sore  perplexed ! " 

CtoxTHi. 

Both  in  prose  and  in  poetry  man  is  very  often  oompand. 
to  a  wonn.  "A  miserable  worm,"  "a  poor  worm,**  an: 
common  and  almost  compassionate  phrasea  If  we  cannot' 
detect  any  deep  phylogenetic  reference  in  this  zoologinl 
metaphor,  we  might  at  least  safely  assert  that  it  contaios , 
an  unconscious  comparison  with  a  low  condition  of  animal 
development  which  is  interesting  in  its  bearing  on  tba 
pedigree  of  the  human  race.  For  there  is  no  doubt  that 
the  vertebrate  tribe,  in  common  with  those  of  the  other, 
higher  classes  of  animals,  have  developed  phylogeneticaify 
from  that  multiform  group  of  lower  invertebrate  animak 
which  are  now  called  Worms.  However  closely  we  limit 
the  zoological  significance  of  the  word  "Worm,"  it  yet 
remains  indubitable  that  a  large  number  of  extinct  Worms 
must  be  I'cckoned  among  the  direct  ancestors  of  the  hiunan 
luce. 

The  group  of  Woims  (Vei'mes)  is  much  more  limited  in 
the  Zoology  of  the  present  day,  than  was  the  same  dass  in 
the  older  Zoology,  which  followed  the  sjrstem  of  Linmeus. 
It,  however,  yet  includes  a  great  number  of  very  diverse 
lower  animals,  which,  phylogenetically,  we  may  regard  as 
the  few  last  living  twigs  of  an  immense  spreading  tree, 
the  trunk  and  main  branches  of  which  have  for  the  most 
part  long  since  died  off.  On  the  one  side,  among  the 
widely  divergent  classes  of  Worms,  are  foimd  the  parent- 
forms  of  the  four  higher  tribes  of  animals,  the  Molluscs, 
Star-animals,  Articulates,  and  Vertebrates ;  on  the  other  side^ 


ft 
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ital  comprehensive  groupa  antl  also  single  isolated  genem 
R^orma  are  U»  be  regarded  aa  itiot-suckers  which  have 
rated  directly  from  the  rest  of  the  primteval  family-tree 
the  Wonus,  Some  of  these  suckers  have  evidently 
nged  but  little  from  the  Inng-extinct  pareitt-furm,  the 
niHive  Worm  (Prolhelmii),  which  is  immediately  eon- 
ted  with  the  Qosti-iea. 

Caoapaistive  Anatomy  and  Ontogeny  clearly  and  sig- 
icsntJy  prove  that  tli©  GMtnea  must  be  regaixled  as 
!  £rect  ancestor  of  this  rrimitive  Worm.  Even  now.  a 
itmla  develops  from  the  e^  of  all  Worms  after  its 
hvage.  The  lowest  and  most  imperfect  Woi-ma  letain 
ougboat  lifu  an  organization  so  simple  that  they  are  but 
ie  nu9od  above  the  lowest  Plant^animals,  which  are  also 
mediate  descendants  of  the  Gastreea,  and  which  ako  yet 
Felop  directly  from  the  gafltrula.  If  the  genealogical 
ktion  of  tJieee  two  lower  animal  tribes,  the  Worms  and 
)  Plant-animals,  is  closely  examined,  it  becomes  evident 
it  tho  most  probable  hypothesis  of  their  descent  is,  that 
»  two  ongtnated,  as  independent  branches,  directly  from 
)  GaBti»&  On  the  one  side,  the  common  paient-fomi  of 
I  Wonns  developed  from  tho  Qa^tnea ;  as,  on  the  other 
B,  did  the  common  parent-form  of  the  Plant-animals, 
r  Taldea  XVIU.  and  XIX.) 

■  tribe  of  Plant-animals  (Zoop/ii/lrs,  or  Codentfrota) 

iiiprehcnds,  on  the  one  side,  the  main  class  of  Sponges 

,'iir);  on  tho  other,  the  main  class  of  tlie  Sea-nettles 

,  htB) ;    to   the    former    belong    tho   Gastrseads    and 

■  1  iv,  to  the   latter  the  Hydroid -polyps,  the   Medusie, 

i:iiophooe,  and  Corals.     From  the  Comparative  Anatomy 

d  tha  Ontogeny  of  thcHc  we  may  infer,  with  great  pro- 
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babllity^  that    all    these    Plant-animals  descend    from 
common  and  very  simple  parent-form,  the  stmctore 
which  resembled  that  of   the  ascula  in  essential 
(Figs.  182, 183,  p.  68).    The  uniaxial  outline  of  the 
and  the  gastrula  is  usually  retained  by  the  Sponges, ' 
in  most  Sea-netUes  (AcalepJioB)  transverse  axes  have 
differentiated  in  the  course  of  further  evolution,  thus  givii 
rise  to  a  characteristic  radiate  structure  with  a  pyramic 
general  outline. 

In  distinction  from  this  predominant  radiate  outUne 
Plant-animaJs,  a  marked  bilateral  general  outline  is  de-;^ 
vclopcd  from  the  first  in  the  second  ofishoot  from  thej 
gasti*ula,  in  the  Worms.  As  the  radiate  form  is  marked  hy. 
adaptation  to  an  adherent  mode  of  life,  so  is  the  bilateral 
form  by  adaptation  to  certain  definite  acts  of  fr«e  loco- 
motion. The  constant  direction  and  carriage  of  the  body 
which  would  be  maintained  in  this  mode  of  fr'ee  locomotion, 
conditioned  the  two-sided,  or  bilateral  outline  of  the 
symmetrical  Worms.  Even  the  parent-form  of  the  latter, 
the  Primitive  Worm  {Protliehnw)  must  have  acqxdred  this 
character,  and  thus  have  become  distinguished  fix)m  the 
uniaxial  parent-form  of  the  Plant-animals.  In  this  simple 
mechanical  impetus,  in  the  defined  free  locomotion  of  the 
Worms,  on  the  one  hand,  and  in  the  stationary  mode  of 
life  of  the  earliest  Plant-animals  on  the  other,  we  must  look 
for  the  efficient  cause  which  produced  in  the  one  the  bi- 
lateral or  two-sided,  in  the  other  the  radiate  outline  of  the 
body.  The  former,  the  bilateral  outline,  has  been  inherited 
by  the  human  race  from  the  Worms. 

Except  through  the  Gastrsea,  the  common  parent-form 
of  Plant-animals  and  Worms,  the  human  race  is^  therefore, 
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-lated  to  the  Flant-animals.     It  will  bd  our  next  ta^k 

iisitler  more  closely  tlie  pedigi-ee  of  Man  in  ao  far  as 

ncidcs  Tirith  that  of  the  Wonas.     Let  ua  examine  how 

■  111?  Comparative  Anatomy  and  Ontogeny   of  Worms 

■y  UH  in  looking  among  the  latter  foi-  primieval  ancestors 

i-t<?-brat€«,  ftnd  therefore  of  Man.    For  this  end  we  must 

ixiisider  the  zoological  sj-stem  of  Worms.     In  aeeord- 

\*ith  the  m08t  recent  investigations  of  the  Comparative 

;  (iny  and   Ontogeny  of  Worms,  we   divide   (without 

■ncc   to   the  many  and  various   peculiarities   of   the 

ixms   separate   classes,   which    in    this  place   do   not 

rst  us)   the  whole   mass  of  forms   within  this  tribe 

two  large  main  groups.     The  fii-st  main  group,  which 

PTvD    Bloodless    Worms    {Acoeloml),  comprehends  the 

r  di\"isirtn  of  tlie  lower  Worms,  which  have  no  true 

-cavity,  no  ^stem  of  blood-vessels,  no  heai't,  no  blood, 

flhort,  none  of  the  parts  connected  with  this  organ- 

:.i.     Tlie  second  main  gi'oup,  on  the   contrary,  called 

i  l-womis  (Calomati),  are  distinguished  &om  the  former 

'l.'_-  possession  of  a  true  body-cavity,  and  also  by  the 

iic«   of  a  blood-like   fluid,  which    fills    this    cavity; 

of    them    also   develop   special  blood-vessels,  which 

■  L^use  further  correlated  advances  in  structure.     The 

•  ...iiou  of  these  two  main  groups  of  Worms  is  very  evi- 

■Unlly  phylogenetic.     The  Actelomi,  which  are  very  nearly 

itlliM  to   tbo  Gaatnea   and  the   Plaiit-animali^,   are   to   be 

iided  as  an  earlier  and  lower  group,  from  which  the 

!«ceDt  and  higher  division  of  the  Ccelomati  developed, 

!  I'jipa  towards  tlio  end  of  the  Laureutian  Period. 

^Jl6   wfll    first   carefully  examine   the  lower  gi-oup   of 

^^w,  thu  Acoilomi,  among  which  wc  must  look  for  the 
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sixth  ancestral  stage  of  the  human  race,  the  stage  im 
(liately  following  the  gastmla.  The  name  ''Aooeloi 
signifies  "  Worms  vrithout  a  body-cavity,  or  cceloma^''  i 
therefore  ¥rithout  blood,  or  vascular  system.  The  ext 
Acoelomi  are  generally  included  in  a  single  class,  whid, 
account  of  their  flattened  bodies,  are  called  Flat-w(N 
{PUuhdminthes).  To  this  class  belong  the  Gliding-woi 
(Turbellaria),  which  live  independently  in  the  water;  i 
the  parasitic  intestinal  Sucking-worms  {Ti^eTruUoda),  i 
the  Tape-worms  (Cestoda),  which  have  become  yet  in 
degraded  by  parasitism.  The  phylogenetic  relations  of 
three  forms  of  Flat- worms  are  very  evident ;  the  Sucki 
worms  originated  from  the  free  Gliding-worms  by  adaptat 
to  a  parasitic  mode  of  life ;  and,  by  a  yet  more  complel 
parasitic  life,  the  Tape- worms  originated  from  the  Sucki 
worms.  These  are  striking  examples  of  the  gradui 
increasing  degeneration  of  the  most  important  organs. 

In  addition  to  these  well-known  extant  Flat-woi 
great  numbers  of  other  Acoelomi  must  have  lived  dui 
the  Archilithic  Epoch,  which  in  general  form  were  ^ 
much  like  those  of  the  present  day,  but  were,  in  » 
respects,  yet  more  simply  organized,  and  were,  in  tl 
lowest  stages  of  development,  immediately  connected  v 
the  Gastrseads.  The  whole  of  these  lowest  Acoelomi,  am 
which  the  common  parent-form  of  the  whole  Worm  ti 
{the  Protltelmis)  must  have  been,  may  be  classed  as  "  Pri 
tive  Worms  "  (Archelminthea). 

The  two  classes  of  the  Acoelomi,  the  Primitive  Wo: 
and  the  Flat-worms,  represent  in  their  external  form 
simplest  bilateral    condition    of   the    animal    body.    ! 
body  is  a  simple  oval,  usually  somewhat  flattened,  wi 
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■ny   ii]>pen*l(igt>  (Figs.  184,  185).     The  dorsal  side   of 

.'iif-liiie  body  differs  from  the  ventral  side,  on  whicli 

iWonn  creeps.     Accordingly,  even  in  these  most  simple 

I  tliere  aro  Uie  tliree  definite  axes  which  mark  the 

typc-fomi,    and   which    re-occur  in    the   human 

nd  in  t)iat  of  all  higher  animals :  (1)  a  longitudinal 

imin   axis),   which   passes   from   front  to  rear;   (2) 

is,   passing   from    right   to   left ;    and    (3)    a 

1  axis,  passing  from  the  dorsal  to  the  ventral  surface. 

L  i.  p.  2o7.)    This  so-called  symmetrical  or  "  bilateral" 

ment  of    the   outline   of  the   body   is  simply   the 

sucal  result  of  adaptation  to  a  creeping  form  of  loco- 

n,  during  which  one  end  of  the  body  is  always  directed 

wards.     The  geometric  outline  of  the  gastrula,  as  of  the 

a,  has  bnt  one  axis  ivith  uneijual  jwles  {Mimaxoit-ui, 

/•ola).    Tlie  typical  ontline  of  Worms,  as  of  Vertebrates, 

n  the  contrary,  bilateral,   with  tranverae  axes   (Stav,- 

'<'a  dijJeitrn)}** 

Tlie  whole  outer  surface  of  Uie  Gliding-worms  (Turbel- 

is  covered,  as   in  the   gastrula,  with   a  thick,  fine 

.i.il  coot;  that  is,  with  a  fur-like  covering  of  extremely 

and  close  microscopic  liairs,  which  are  direct  processes 

1  the  ttppcrmost  cells  of  the  epidermis,  and  maintain  an 

..  Litormpt^^d  whirling  or  vibratory  motion  (Fig.  1S+,/). 

constant  vibrataons  of  these  cUJa  cause  a  continued 

lit  of  water  over  the  surface  of  the  body.     Fresh  water 

-    ,j..iu*t«ntly  conveyed  to  the  surface  of  the  skin  by  this 

cnrrent,  thiw  permitting  respiration  in  its  simplest  form  (skin- 

resptrftUon).     A  similar  ciliated  covering,  just  as  is  seen  in 

lh«  cxt&ni  Gliding-worms  of  our   fresh-water  seas,   pre- 

stDUibly  covered  our  extinct  ancestors   of  the   Primitivo 
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Worm    group,  the    Arc/idminthes.      They 
ciliated  dress  directly  firom  the  Gastrsea. 

If  we  now  make  various  vertical  sections  (longil 
and  transverse)  through  the  simple  body  of  the  Gliding-^ 
(and  that  of  the  Archdminthea  which  are  certainly 
closely  allied  to  the  former),  we  soon  discover  that 
internal  stiTicture  is  considerably  higher  than  that  of 
Gastrseads.  We  first  observe  that  the  two  primary 
layers  (inherited  from  the  Gastrsea)  have  differentiated 
several  cell-strata.  The  skin-layer  and  the  intiestinal  la] 
have  each  split  into  two  strata.  The  four  secondary  genj 
layers,  which  are  thus  produced,  are  the  same  that  we  food 
resulted  from  the  first  differentiation  of  the  two  primii^ 
germ-layers  in  the  embryo  of  the  Vertebrate  also.  (C£  fh 
transverse  sections  through  the  larval  Amphioxus  an 
Earth-worm,  Figs.  50  and  61,  p.  236,  and  Plate  IV.  Pig.  J 
Plate  V.  Fig.  10.) 

The  highly  important  histological  differentiation  of  thei 
four  secondary  germ-layers  led  directly  to  further  organol 
gical  processes  of  differentiation,  by  which  the  organism  < 
the  Primitive  Worms  was  soon  considerably  raised  abo^ 
that  of  the  Gastrseads.  In  the  latter  there  was  reaUy,  i 
a  morphological  sense,  but  a  single  organ,  the  primitive  inte 
tine,  with  its  mouth-opening.  The  whole  body  was  nothii 
but  an  intestinal  canal;  the  intestinal  wall  was  at  H 
same  time  the  wall  of  the  body.  Of  the  two  cell-layei 
forming  this  intestinal  wall,  the  inner  accomplished  tl 
functions  of  nutrition,  the  outer  those  of  motion  ai 
covering.  As  some  of  the  cells  of  the  primary  germ-laye 
developed  into  egg-cells,  and  others  into  sperm-cells,  the! 
layers  also  performed  the  function  of  reproduction.    In  tl 
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■cive  "Worms,  however,  simultaneously  with  the  foi-ma- 
.!  the  secondary  germ-layers,  these  various  fimctions 
■    hii  distributed  to  various  organs,  which  detached 
prn  the  original  main  oi;gan,  the  primitive  in- 
■  idal  organs  originated  for  reproduction  (uexual 
I -J,  fi.ir  secretion  (kidneys),  for  motion  (muscles),  and 
•'  asstion  (nerves  and  sense-organs). 
!!i  order  to  obtain  an  approximate  picture  of  the  sim- 
■  form  in  which  all  these  various  organs  first  appeared 
'ii*  Primitive  Worms,  it  is   only  neceasaiy  to  examine 
most  imperfect  fonns  of  Gliding-worms  i^TnThellai'ta).  as 
r!](  vexistat  the  present  time  in  salt  and  freshwater.    They 
,-  ri'  mostly  very  small  and  insignificant  Worms  of  the  simplest 
I  many  being  scarcely  a  millimetre  or  a  few  millimetres  in 
_'h.    In  the  simplest  species  of  Gliding- worms  the  greater 
•    if  the  oval  body  is  occupied  by  the  intestinal  canal. 
Tlii.i  L«  a  very  regularly  shaped  pouch  with  an  oponing,  re- 
prewnting  both  mouth  and  antis  (Fig.   184,  7>i).     At   the 
Anterior  section  of  the  intestinal  tube,  which  is  separated 
«s  a  throat  {p)iarynx,  sd).  the  fibrous  layer  is  very  thick, 
a  tlitck  muscular  layer.     Immediately  outside  the  intestinal- 
droits  layer  lies   the   skin-fibrou.'s  layer,   which    in    moBt 
"wurms  appears  as  a  large   akin-muscle  sac      Above   the 
ihrast   in   GUding-wonns  a  nerve  system  of  the  simplest 
fofin  ia  already  visible  in  fi-ont,   a  pair  of  small   nerve- 
knots,  or  ganglia,  which  from  their  position  are  called  the 
'upper  throat  ganglia,"  or  "brain"  (Fig.  185, 3).     DeUcate 
threads  {»i)  pass  from  this  to  the  muscles  and  to  the 
•  1    skin-sensory  layer.     A  pair  of  quite  simple   eyes 
-  -J  and  iiose-pits  (71a)  are  to  bo  foimd  in  a  few  Gliding- 
irofBB,    Hie  Flat-worma  are  also  universally  provided  with 
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a  pair  of  simple  kidney-canala  ("exerebory  argua'), 
the  fonn  of  two  long  thin,  glandular  tubes,  irliieb  tran 
Uie  right  and  left  aides  of  tlie  intestine  and  open  at  i 
hinder  end  of  the  body  (Fig.  184,  nm).    We  found  Uiatt 


7i(i.lU. — A  iimple  01icUiig-worm(S'iabdi>e«Ium}!n«,iii(iDthi  alitbK 
epithelinm  j  nn,  throat-mnBclea ;  d,  stomaah-iiitMtiiiD ;  ne,  kidney  dor 
tun,  opening  of  the  UdDOTB  J  au,Bje;  no,  aoae-jat. 

Fio.  I8G. — The  eame  Qliding-warni,  ahcnTing  the  remaining  orguu 
bnin;  au,  eyej  no,  iu>ee-pitvfti,knerTea,l>f>Ateateii  ^,  m»Ie  opeiu 
$>feaala  opening  I  tionrji  /,  oiliated  onter-akiii. 
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ive    kidney   canals   in   the  vertebrate    embryfl! 
id  at  a  verj-  early  period,  shortly  after  the  fira 
on  of  the  inicldle  gena-layer  (mesodcmia).     Then 
of  these  at  so  early  a  period  shows  that  thff^ 
i    very   important   primordial   organs.     It   ; 
>  universal  existence  in  all  Flat-worms  ;  for  evei 
iiTOS,  which,  in  consequence  of  the  adoption  of  A 
de  of  life,  have  lost  the  intestine,  yet  have  thd 
g  primitive  kidneys,  or  "  excretory  ducta." 
tberefore,  to  l>e  older  and  of  greater  phyaiologi-! 
ice  than  the  blood-vessel  sj-stem,  which  is  wholly;! 
the   Flat- worms.     The   sexual   organs  appeal 
the  Oliding-worma  in  a  very  complex  formjB 
lera  their  form  is  very  simple.     Most  of  them;l 
ihrodit«s;  that   is,   each  individual    worm   haal 
and   female   sexual   organs.     lu   the   simples 
find  ft  testis  in  tlie  anterior  part  (Fig.  185,  A)J 
double  ovary  behind  (a).     One  of  these  simpleE 
coelomi,  such  as  we  find  among  the  lowest  Rhab-I 
ly  give  tia  an  approximate  idea  of  the  structiirel 
iinitivd  Worm,  which  forms  the  sixth  stage 

ptnligreo. 
ancestors  of  the  human  race,  which,  on  aceounij 
leral  organization,  must  be  placed  among  tha-l 
Wonns  {Aocelcrmi),  must  have  been  represented 
'Archilithic  Epoch  by  a  largo  number  of  various 
8.  The  lowest  of  these  must  have  been  directly 
the  Gastneads  (the  fifth  ancestral  stage);  the 
ly  developed  must,  on  the  other  hand,  have  been 
Runected  witli  the  C'celomati  (the  seventh  stage)Lj 
'ar,  our  preneiit  knowledge  of  the  CktmnarativM^ 
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Anatomy  and  Ontogeny  of  the  Acoelomi  is  veiy 
tary,  and  much  too  imperfect  to  enable  us  to  pomt 
certainty  to  the  series  of  the  various  stages,  we  will 
attempt  a  detailed  arrangement  of  them.     We  will 
instead  to  the  seventh  stage  in  the  human  pedigree, 
belonged  to  the  multiform   group  of   the  Blood-beaii|| 
Worms  {Ccdomati).  i 

The  great  oiganic  advance  in  structure  by  whidi  i 
Blood-bearing  Worms,  or  Ccelomati,  developed  from  i 
older  Bloodless  Worms,  or  Acoelomi,  consisted  in  the  ft 
mation  of  a  body-cavity  (ccdoma),  and  of  a  nutritive  jni 
filling  the  latter,  the  first  blood.  All  the  lower  animi 
with  which  we  have  yet  occupied  ourselves  in  our  PIr 
logeny,  all  the  Primitive  Animals  and  Plant-animals,  «i 
like  the  Acoelomi,  bloodless  and  without  a  body-caviiy.  '. 
the  formation  of  a  special  vascular  system,  the  earhc 
Coeloniati  made  a  very  great  advance.  Much  of  the  ooi 
plexity  in  the  organic  structure  in  the  four  higher  tribes 
animals  is  based  on  the  difierentiation  of  the  vascul 
system,  which  they  have  inherited  from  the  Blood-beari 
Worms. 

The  first  development  of  a  true  body-cavity  (ccdorTi 
is  referable  to  the  separation  of  the  two  fibrous  layers ; 
the  formation  of  a  spacious  cavity  between  the  outer  sk 
fibrous  layer  and  the  inner  intestinal-fibrous  layer.  In  i 
fissure-like  gaps,  which  formed  between  the  two  germ-layc 
a  juice  collected,  which  penetrated  through  the  intestii 
wp.U.  Tliis  juice  was  the  first  blood,  and  the  gaps  bet  we 
the  two  germ-layers  formed  the  first  rudiment  of  the  bod 
cavity.  The  union  of  these  gaps  formed  the  simple  coelo 
the  large  cavity,  containing  blood  or  lymph,  which  plays 
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rtajit  •  part  in  all  the  higher  animals  aa  the  receptacle 

'te  very  extensive   intestines.     The   formation   of  this 

Afclum,Kii(l  of  the  blood -vesBela  developed  in  connection  with 

n  exercised  a  very  great  influence  on  the  further  evolution 

'rtii  ihe  animal  organization.     The  most  important  result  was, 

■   it  allowed  tho  conveyance  of  rich  nutritive  juices  to 

-  parts  of  the  body  lying  near  the  circumference,  and 
"  I'jping    at   a  considerable    distance    from    the   intes- 

1'  il  canal.     The  intimate  con'elation,  or  reciprocity  of  the 

iii;i.>i,  necessarily  occasioned,  in  direct  connection  with  the 

,  r  .Treaaive  development  of  the  blood-vessel  system,  many 

'  -ii-r  important  advances  in  the  structure  of  the  body  of 

.'  Blood-bearing  Worms. 

-lust  as  among  the  Ac^Blomi,  so  also  among  the  Coelomati, 

[■jdigree  of  our  race  must  have  passed  through  a  large 

i<*r  of  diverse  ancestral   stages.     But   among  extant 

'.  >mati  (which  form  but  a  very  small  fraction  of  this  once 

Itiform  group),  there  are  but  very  few  Worms  which  can 

L  certainty  be   regarded   as   nearly  allied  to  the  long- 

nrt  ancestors  of   Man.     In    this   respect,  but  a  single 

-  ijf  CVelomati  is  really  of  prominent  importance ;  these 
'  ill)  MantUd  Animals  (Tunicata),  to  which  belong  the 

'  iia  aln.-ndy  known  to  us.     Our  careful  examination  of 

'truclure  and   germ-hiatory  of  the   Ascidian  and  the 

lliioxua  have  shown  the  extreme  importance  of  these 

.    intpreHting   animal   fonns,     (Cf  Chapters  XIII.  and 

\tV.)     That   examination   fully  justiiiea  us  in  asserting 

ttint  among  the  ancestors  of  the  Vertebrates  (and  therefore 

of  Man)  there  was  an  unknown  extinct  coelomate  species, 

Mrhicb  thi*  nearest  allied  form  among  extant  animals  is 

j-Appeodicularia  (Fig.  187j,  of  which  we  have  akcady 
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spoken,  and  the  tailed  Ascidian  larva.  We  will  for  1 
present  call  this  kind  of  Worm,  which  was  primarily  i 
tinguished  by  the  possession  of  a  notochord,  the  Chon 
animal  {Chordonium).  The  Ascidians  on  the  one  hand,  a 
the  Vertebrates  on  the  other,  developed,  as  two  divei]gi 
branches,  from  these  Chorda-animala  The  common  pare 
form  of  the  Chorda-animals  themselves  was  a  coelomate  foi 
which  finally  must  have  descended  fix)m  the  Acoelomi,  a 
from  the  Archelminthes. 

Many  connecting  intermediate  forms  must,  of  course,  hi 
existed  between  these  two  groups  of  Worms,  between  1 
Primitive  Worms  and  the  Chorda-animals.  Unfortunate 
however,  zoological  knowledge  is  at  present  especially  i 
perfect  with  regard  to  these  important  intermediate  foi 
of  the  multiform  Worm  tribe.  For  very  evident  reas( 
none  of  these  Worms  could  leave  fossil  remains.  For,  1 
tlie  great  majority  of  other  Worms,  they  had  no  hard  pi 
in  their  bodies.  Most  even  of  the  known  fossil  Woi 
are  worthless,  for  they  tell  us  little  or  nothing  of  the  most 
portant  structural  features  of  the  soft  body.  Fortunat 
however,  we  can  in  great  measure  satisfactorily  fill  the  c 
siderable  palseontological  gap  in  this  part  of  our  pedig 
with  the  help  of  the  Comparative  Anatomy  and  Ontogen 
Worms.  If,  on  the  one  hand,  we  examine  the  structure  . 
mode  of  development  of  the  lower  Worms  from  the  Glidi 
Worms  {TurheUaria)y  and,  on  the  other  hand,  the  Anatc 
and  Ontogeny  of  the  Ascidians,  it  is  not  difficult,  step 
step,  to  re-construct  in  imagination  the  connecting  in 
mediate  foims,  and  to  insert  a  series  of  extinct  ances 
forms  between  the  Acnelomi  and  the  Chordonia.  1 
series  of  forms  under  the  name  of  Soft- worms  {Scoled 
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will  consider  as    the   seventh   stage    in    tlie    human 

\n  esatnlnatioa  of  the  Compaj^tive  Anatomy  of  the 
:  I  >us  Sciilecid  forms,  which  wo  might  porhajis  distinguish 
-.  would  lead  us  much  too  far  into  the  difficult  details 
-le  Comparative  Anatomy  and  Ontogeny  of  the  Worms. 
;  ijor  purpose  it  seems  more  important  to  call  attention 
t  those   phylogenetic  advances,  by  means  of  which  the 
iion  of  the  earliest  Blood-bearing  Worms  was  in 
1  elevated  to  that  of  the  Chorda-animals.     The  Com- 
ive  Anatomy   and   Ontogeny   of   the   Gliding-worms 
wot  the  Ascidians  justify  us  in  giving  special  weight  to 
tilGcant  dilferentiation  of  the  intestinal  canal  into  two 
t  divisions ;  into  an  anterior  division  (the  gill-intes- 
),  iHiich  accomplishes  respiration,  and  a  posterior  divi- 
{(tiie  Btomach-intestine),  which  accomplishes  digestion. 
B  Gastisads  and  Primitive  Worms,  so  also  in  the  Ascidian 
,  the  intestinal  canal  is  at  first  a  simple  pouch-like 
-ly,  provided  merely  with  a  mouth-opening.     A  second 
:iinj{.  the  anus,  does  not  develop  till  a  later  period.     Gill- 
rungs  afterwards  appear  in  the  anterior  section  of  the 
■ -tinal  canal,  by  which  the  whole  anterior  intestine  is 
-L-.ft>nn«d   into  a  gill-body.     This  remarkable  arrange- 
:tt  is,  as  we  found,  quite  peculiar  to  Vertebrates,  and, 
[it  in  the  Ascidians.  occurs  nowhere  elso.    Among  extant 
.rm.1  there  is,  however,  a  single  isolated  and  very  remark- 
W.inii  fijnn,  which   in  this  respect  may  be  regarded 
-•.-ijtly  allied  to  the  Ascidia  and  to  Vertebratos,  and 
.:i].-  .-n   an  otT-Hhoot  from  the  Soft-worms  (Scohcida). 
I  u  th«  BO-talled  "Acom-worm"   {Bata-noglossus.  Fig. 
,  irhich  Uvea  in  Uie  sand  of  the  sea-shora     The  in- 
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terestin^  points  connecting  thia  with  Aacidjans  ft 
Skull-less  Anima.l»  (vli 
were  first  accurately  ol 
and  explained  by  Gegenbac 
though  this  singular  Balaac 
is  in  many  other  respects  | 
in  its  organization,  so  that 
baur  rightly  ranked  it  as 
presentative  of 
(Kntei'opTiewita).  yet  the  si 
of  the  anterior  section  of 
tcstinal  tube  ia  exactly  sii 
that  of  Ascidians  and  Sk 
Animals  (k),  a  gill  body,  tbi 
of  which  are  pierced  on  ettli 
by  gill-oponings  and  are  saj 
by  gQI-arches,  Now,  althov 
Acorn-worm  in  other  points 
structure  may  differ 
siJerably  from  those  exttnc 
worms  [ScoledJa^,  which  w 
regard  as  direct  ancestors 
race,  and  as  intermediate 
between     the    PrimitivB 

Fio,  186. — A  ymtng  Aoom-i 
amtloisui).  (Atlor  Alemnde*  , 
r,  noom-likp  praltoBoiB ;  h,  collar 
opnuinga  and  gUl-araboe  of  the  Mil 
t^Bliue.  Id  k  long  row  ana  belund 
on  FSicli  side ;  il,  diy«atira  imatert 
tine,  filliug  the  greater  port  of  t' 
oavit;  -.  v,  inlHCiiial  vmhoI,  IfJng 
two  pardllul  luldR  ul  nl 
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Ithe  Chorda-animals,  yet,  in  virtue  of  this  characteristic 

I  of  the  gill-intestine,  it  may  be  considered  a  re- 

aUied    collateral    line    of    the   Soft- worms.      The 

lopment  of  an  anus  (Fig.  186,  a)  at  the  end  opposite 

:  moutli,  is  also  a  considerable  advance  in  the  struc- 

l  of  the   intestina     The   fiirther   deveJopment   of  the 

id-Tesscl  sj-stt-m  in   the  Acorn-worm   also  indicates   a 

I  ailvancfi.      In  the  ciliary  surface  of  the  sklti,  ou 

I  eootmry,  it  recalls  the  Gliding-worma,     The  sexes  ai-e 

rated,   while    our    acolecid    ancestors    were    probably 

aphrodite,'" 

■Worn  a  branch  of  the  Soft- worms,  the  group  of  Chorda- 

(Chordcniui),   the   common    parent-group    of   the 

^Ue-animals  and  Vertebrates  also  developed.   The  process 

1  primarily  led  to  the  development  of  this  impoi-tant 

1  of  the  oelomati,  was   the   forfnation  of  the  inner 

1  akeletoa  (the  notochord,  or  chorda  dorsalis),  which 

)  present  day  we  find   pennanently   retained  in  its 

est  form  in  the   lowest  Vertebrate,  the   Amphioxus. 

r  tLat  this  notochord  is  already  found  in  the  tailed 

^  froe-Bwimming  larva  of  the  Ascidian  (Plate  X  Fig,  5). 

)  diorda  does,  indeed,  serve  specially  as  a  support  for 

t  niddcr-Iike  tail  of  the  larval  Ascidian,  but  its  anterior 

lity  passes  in  between  the  intestinal  and  medullary 

-■:*•■«  within  the  actual  body  of  the  larva.     A  transverse 

■.ma  of  tliis  larva  therefore  shows  that  arrangement  of 

:■  most  important  organs  which  is  characteristic  of  the 

rtobratc  type :  in  the  centre  is  the  firm  notochord,  which 

..^^\iotis  the  other  organs  and  serves  especially  as  a  baee 

^^^  point  of  attachment  for  the  motive   trunk   muscles ; 

^^Hw  Hub   notocliord,  on   the   dorsal  side,  is  the  central 
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nervous  system  in  the  form  of  a  medullary  tube ;  below, 
the  ventral  side,  is  the  intestinal  tube,  the  anterior  half 
which  is  a  respiratory  gill-intestine,  its  posterior  half 
digestive  stomach-intestine.  It  is  true  that  the 
swimming  larva  of  the  extant  Ascidian  possesses  this  tyju( 
vertebrate  character  only  for  a  short  time ;  it  soon 
quislics  its  free  roving  mode  of  life,  puts  off  its  oar-like 
with  the  notochord,  adheres  to  the  bottom  of  the  sea^ 
then  undergoes  that  very  great  retrogression,  the  surprio] 
final  result  of  which  we  have  already  observed  (Chapteii'' 
XIII.  and  XIV.).  Nevertheless,  the  Ascidian  larva,  in  its 
very  transitory  evolution  (for  a  brief  space),  affords  us  a 
picture  of  the  long  extinct  Chordona-form,  which  muai 
be  regarded  as  the  common  parent-form  of  Mantle-animab 
and  Vertebrates.  There  is  even  yet  extant  a  small  and 
insignificant  form  of  "Mantle-animal  which  throughout  life 
retains  the  sti-ucture  of  the  Ascidian  larva  with  its  oar- 
like  tail  and  its  free-swimming  mode  of  life,  and  which 
reproduces  itself  in  this  form.  This  is  the  remark- 
able Appendicularia  (Fig.  187),  wliich  we  have  already 
examined. 

If  we  ask  ourselves  what  conditions  of  adaptation  could 
possibly  have  had  so  remarkable  a  result  as  the  develop- 
ment of  the  notochord,  and  the  modification  of  a  branch 
of  the  Soft-worms  into  the  parent-form  of  the  Chorda- 
animals,  we  may  with  great  probability  answer,  that  this 
result  was  effected  by  the  habituation  of  the  creeping 
Soft-worm  to  a  swimming  mode  of  life.  By  energetic  and 
continued  swimming  movements,  the  muscles  of  the  trunk 
would  be  greatly  developed,  and  a  strong  internal  point  of 
attachment  would  be  very  fstvourable  to   this  muscular 
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rity.     A  snppoH  of  tliis  kind  might  arise  by  enlarge- 

Itt  and  coQcrusctioce  of  the  germ-layers  along  the  luugi- 

axis   of  the  body;    and  the  ditfcrontiation  of  an 

wndcnt  bony  cord  from  this  axial  cord  gave  rise  to  the 

wrrl.     (Cf.  Fig,  88.  89,  vol.  i.  pp.  300,  301.)     In  corre- 

a  to  th«  formation  of  this  central  uotochord,  the  simple 

t,   lying   over   the   throat  in   the  Soft-worms, 

Ibencil  into  &  long  nerve-cord,  reaching  from  front  to 

t,  above  the  notochurd ;  in  this  way,  the  medullary  tube 

latwd  from  the  "  upper  throat  ganglia." 

I  As  w«  have  already   minutely   considered  the    great 

ince  of  the  Ascidians  (Fig.  ISS)  in  this  respect,  as 

I  their  close  relations  to  the  Amphiosus  (Fig.  180), 

k  will  not  tarry  longer  over  thia  point   now.     I  will 

,  that   we  must   by  no   means   regard  the  Ascidian 

l-tike  flirect  parent-form   of  the  Amphiosus  and   of  the 

r  Vertebrates.     On   the  contrary,   we   assert  that,  on 

I   hand  the  Ascidians,   and  on  the  other  the  Ver- 

have     both     descended     from     one     unknown 

F  KTord  form,  which  has  long  been   extinct ;    tlie  nearest 

'  ffclstives  of  this  among  existing  animals  are  the  Ascidian 

.rv\E  and  the  Appendicularia  (Fig.  187).     This  unloiown 

<:mcm  parent-form  must  have  belonged  to  the  group  of 

nia-nnimals,  which    we    pointed    out    as    the    eighth 

'  ■■'itnil   stage   in   the   human   pedigree.'*"    Although  wa 

not  fonii  an  entirely  satisfactory  idea  a-s  to  all  points 

^  wxt«riuJ  and  internal  Btructure  of  this   Clioida-anlmal, 

no    doubt    that,    like     its    near    relatives,    the 

jiiioals,   and    like    the   preceding  ancestral    stage 

.mtttnted  by   the  Soft-worras  and  Primitive   Worms,  it 

.-t  be  clas&ifi«(i  in  the  natural  system  of  the  animal 
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kingdom  as  a  genume  Worm.     The  difference  between 
and  other  genuine  Worms  cannot  have  been  greater  than 


Pis.  187.— Appendicuuuia,  Keen  from  tlie  left  aide ;  m,  nioiifh ;  I,  g 
inteatiue',  o,  oeaaphBgua  ;  v,  Btamncb  i  a,  aiiiisi  n,  nerre-ganglift  (ap 
throat-kcotB) ;  g,  eor-resiole ;  /,  ciliated  groove  under  the  gill;  h,  bco 
t,  testes;  e,  oTnr;  ;  c,  notocliord;  a,  tail. 

Pio.  188.— ^tniutnre  of  an  AKcidian  (seen  from  the  left,  oa  in  Fig. 
and  Fig-.  14,  Plate  XI.);  ti,  gill-sac;  v,  Btomachi  i,  large  JDlestinoi 
licalt;  f,teKleB;  vd,  seed.daot ;  o,  oyarj(  o',  matured  eggs  in  the  bo 
okvitf ,     (After  Uilue  Kdffarda.) 


i 
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lifTi'rence  Iwtween  the  extant  Tape-worms  and  Ringed 
IS  (Annelida).  Moreover,  in  a  certain  sense  wo  may 
■i  the  extant  Appendicularia  as  a  last  remnant  of  the 
iIdqis  class. 

'it  have  now  studied  the  most  import- 
inimal  forms  which  occur  in  the  pedigree 
!•-  hnm&n  race,  and  which,  in  the  zoo- 
al  system,  must  be  classed  among  the 
1113.  In  leaving  this  lower  class,  and 
ng  our  ancestry  henceforth  exclusively 
in  the  vertebrate  tribe,  we  at  onte 
beliind  the  great  majfmty  of  animal 
-,  which  branched  off  from  the  noim 
in  entirely  different  directions,  ^\  hm, 
previous  chapter  (IX.),  the  vertebrate 
[f  of  man  was  proved,  it  was  incidentally 
ioned  that  the  very  great  majority  of 
i^ls  are  in  no  way  directly  allied  to  our 
The  parent-forms  of  the  three  other 
•  r  Animal  tribes,  the  Articulated  Animals 
iiropoda),  Star-animals  {EcliiTwderma), 
Soft-bodied  Animals  (MiiUv.sca},  like 
vertebrate  tribe,   originated  from   the 


'A 


no.  ISO. — Lancelot  (Jnvphtnsus  Janefoloias').  twietr 
tlio  Mitiul  iiiu,  imn  frtna  thr  IcfC  (the  loagitailinBl 
msm  ia  re[im»eii(ed  rortionll/,  tlio  month  tamed  up. 
*m4,  tho  Uil  downnmnl,  as  in  Plate  XL  Fig.  15)  : 
0,  moBtb-upoiiiii);,  niminndHd  b;  cilia  ;  h,  anal  open. 
■Bgi  t,  rtaitmi  opening  (Ponu  abdnminalia) ;  d,  gill- 
iBd}  I  «,  tiimutch  I  /,  IJitir.ccBtiaDi ;  g,  large  inlcH* 
(^  I  h,  ea'I'iin  ■-  t,  nutiichvnl  (aniler  it  ttiH  aorta) ; 
('.  weImi  iif  ibn  aorta  j  f.  tnaiD  gill-arUr^  1  tn.  twdltaga 

I  n,  hoUuir  reia 
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founded  on  the  GastraDa  Theory  and  the  Homology  of  the  Grerm-layen. 


Tribef  or  Phyla 

of  the 

Animtd  Kingdom. 


Mitin  flatseior 

ttnituhtM  qf  the 

Animal  Kinjdum. 


ClasneM 

qfthe 

Animal  Kingdom. 


S^ttematie  .T«i 
Oauet, 


First  St:b.kinoi>om  :  Privitite  Animals  (Prototoa). 
Aniuiuls  without  germ-layorA,  intestine,  or  true  tissnet. 


A. 

Jprimitibe 
<dmmals 
Protoxoa 


I.  KpR-aniinalii 
Ovularia 


Monera 
2.  AnKebflB 
a  UnfOdriiUB 


I    5.  Ciliated  Infusoria 


n.  Infuioriul  airmail  (  4.  Suckinic  lofbrnrla 
J^futoria 


1.  Mdnna 

2.  Ixilmm 

8.  OrefcariiMi 
4.  Acineta 
6.  CUiiilA 


Srcond  Sub-kinodom  :  Intestinal  Animals  (3fetasoa). 
Animals  wilh  two  primary  gerin-layers,  intestines  and  tissoea. 


B. 

plants 
Animals 
Zoophytes 


C. 

CSHorms 
Yermea 


D. 

iSoft^botjirt 
>Enimals 
Mollnsoa 

E. 
StaT^animals 
Eohinoderma 

F. 

Srtinilatrti 

"Animals 

Arthropoda 


G. 

Fertfbrate 

Animals 

Vertebrata 


III.  Sponges    :. 
SpongifB 

IV.  Sptt-ncnles 
Acalepha 

V.  Blo(xlIe«i«  worma 
Acalona 


Prim1tiv«   intestinal     e.  Gastneada 

animals 
SpoiiKca 

8.  Corals 
9   Hood-Jelllet 
10.  Cumb-jelUes 


i 


{11.  PrlmittTe  worms 
12.  Flat-worms 

13.  Round- worms 
H.  Arrow-wunns 
16.  Whwl-aiiimalcoles 

16.  M(N»-poIyps 

17.  Mantle-Animals 
1%.  Acorn-worms 
19.  .StAr-worms 

^20.  Ringed-worms 

/VII.  Ileadless  shell-fish  r  21.  I<amp-»heUs 


VI.  Blood-worms 
CadumMii 


Ac^phala 

VIII.  Hp<u1-braring 

8h<'U-f1sh 

Lutxphaia 

IX.  RinRtl-arms 
Coiultrachia 
X.  Arml^'HS 
Lipobrachia 

XI.  Oill-broatliers 
Cdridet 

XII.  Tubo-b  Gathers 
Traeheata 


122.  MUMCls 


{23. 
■u. 


Snails 
Cutties 


T.  Bvrlfha 

8.  OorallA 

9.  HjdromfdiMl 

10.  Ctenopbon 

11.  Arcfaelmlnthn 

12.  PlathelmlnUMs 

13.  NfwarhelmlnthM 

14.  Cbcetiignadd 
16.  Routori* 

16.  Bryiiioft 

17.  Tunloau 

18.  Kntcrx>|NiHUlS 

19.  Opphjrea 

20.  AmicUda 

21.  Splrobrandila 

22.  lamellibniicfaia 

23.  Cocfalfdra 

24.  Oephalopuda 

26.  AstrrMa 

26.  Crinuida 

27.  li^rhinlda 
as.  Ilulotharia 


XTTI.  Skull-lefls 
Aerania 

XIV.  S< nplnno^t rilled  r;'4.  Bound-mouths 
UoHorrkina  \  (Ijompf^*) 

35.  FlHhes 

36.  Mud-fl^h 

37.  AmpbiUAiia 


/25.  Sea^ntars 
I  26.  ScA-lilies 
[  27.  Sea-urrhlns 

128.  Sei»-cucaml)efB 

1 29.  Crabs 

{30.  Spiders 
31.  Cpniipedes 
32.  Flies 

(  \^  Tube-hearts  (Lanoe-    S3.  LeptuGsidla 
I  kis) 

34.  QfcIottOBU 


SO.  Arachnlda 
31.  MjTioptjda 
2)2.  InseciA 


XV.  Amnion-less 
Anamnia 


i: 


X\a.  Amnlon-aninuU  I  ^-  J^"®* 
Amniaia  \^^  ^uxaa^ 


S6.  Pluoes 
as.  Dlpneuflta 
37.  AmpliibU 

SS.  ReptilU 
S9.  Atcs 
40,  SlaiiiiiisUs 
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rietio  Pedigree  of  the  Animal  Kingdom,  founded  cm  the  Gastreett 
Theorj  and  the  Homology  of  the  Germ-layi-rs.** 


ArtlcaUtes 
Arttiropoda 


Vertebrates 
Yertebrata 


8tar-«nfinala 
Echiuoderma 


Soft-bodied  Animals 
Moliusoa 


CcBlomaii. 
^Wonnt  with  5ody-ca«tty) 


a 


-^1 

•S3 

m 

^  c  -^ 

5-3  S 


PlsaiHUiiauili 

Zonphyta 
(CaUmt€ratd) 


SpOQgSS 

SpongiflB 


Sea-nettl(>8 
{AcaUpha)   I 


Flat  Worms 
Platb«lminthes 


Prutascus 


Oastrca  radialis 
(ttcUionary) 


AcoBlomi 
(^Wormt  M/ithout  body-cavity) 


Prothelmis 

Gastrva  bilateralis 
(crawlitiff) 


QastrsBa 
(^Ontogeny:  oattruld) 


Primitive  Animals 
Protozoa 


Plananda 
((Mtogeny :  hlastuUi) 


CiliaU 


AcinetJB 


I 


GrpgarinaB 


Infusoria 


SsmamcpbA 
(fintogeny:  Morula) 


Amarbioa 


i^IXlCBbSB 
{Ontogeny:  Cytula) 

Monera 
(Ontognny:  MoneruU) 


i 

si 

.2  % 
|3 

<:§ 

a 
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worm  tribe;  but  the  parent-forms  of   the   three  fo 
belong  to  worm-groups  quite  distinct  from   that  of 
Chordoma.    It  is  only  far  down  at  the  common  root  of 
group  of  Coelomati,  that  we  assume  a  common  souree 
these  various  tribal  forms.     (Cf.  Tables  XVIIL  and 
It  is  especiaUy  necessary  to  remember  that  there  is  no 
blood  -  relationship   between  Vertebrates  and  Artie 
Animala 

The  Articulated  Animals  (Arthropoda),  to  which 
most  comprehensive  of  all  classes  of  animals,  that  of 
and  also  the  Spiders,  Centipedes,  as  well  as  the  Crabfl^< 
Crustaceans,  belong,  are  descendants  of  articulated  Woi 
the  nearest  allies  of  which  are  the  extant  Ringed  Woi 
(Annelida).  The  tribe  of  Star-animals  (^IcAinoderw*) 
which  includes  the  Star-fishes,  Sea-lilies,  Sea-urchins,  ad 
Sea-cucumbers)  must  also  have  descended  from  similar  artica 
lated  Worms."®  The  parent-form  of  the  Soft-bodied  Animal 
{MoUusca),  which  include  the  Cuttles,  Snails,  Mussels,  an 
Lamp-shells,  must  also  be  sought  among  the  Worms.  Bb 
the  Coelomati,  from  which  these  three  higher  animal  trib< 
originated,  differed  entirely  in  character  from  the  Chord* 
animals.  Unlike  the  latter,  they  never  developed  a  not< 
chord.  In  them,  the  anterior  section  of  the  intestinal  tul 
was  never  modified  into  a  gill-body  with  gill-openings ;  nc 
were  the  upper  throat-ganglia  developed  into  a  meduUai 
tube.  In  a  word,  in  Articulated  Animals,  Star-animals,  an 
Soft-bodied  Animals,  as  well  as  in  their  ancestors  amor 
the  Blood-bearing  Worms,  the  typical  structural  peculiar 
ties  which  are  exclusively  characteristic  of  the  vertebra 
tribe  and  of  their  immediate  invoHebrate  profjenitors,  wei 
never  present     Thus  the  great  majority  of  all  animals  a] 


'.  t  LOPMENT   or   VEBTEBRATES   FROM   IKVEBTEBBATES,    g$ 

>vay  the  subject  of  our  further  investigations,  wbicb 
ily  concerneil  with  the  Vertebrates. 
i.u   development  of  tlie  Vertebrates  from  the  Inverte- 
-  most  nearlj  related  to  them,  the  Chord  a- Animals, 
■-•:i\  millions  of  years  ago,  during  the  Archilithic  Epoch. 
Table  XIL,  p.  11.)     This  is   unmistakably  shown  by 
r;ict   that    the   moat    recent  sedimentary   rock-strata 
li  were  deposited  during  that  immense  period  of  time, 
■iirher  layers  of  the  Upper  Silurian  formation,  contain 
1  ns  of  fossil  Fishes  (Primitive  Fishes,  Sdacldi).    Ae 
Fishes,  although  they  belong  to  the  lowest  stage  of 
Skulled  Animals  (Cixiniota),  yet  possess  a  compara- 
.y  high  organization,  and  as  they  must  necessarily  have 
ess  preceded  by  a  long  progressive  series  of  lower  Skull- 
Mi  Vertebrates,  we  must  attribute  the  origin  of  the  oldest 
kull-lena  Animals  (Aorania)  from  the  Chorda- animals  to 
:!L:h  earlier  part  of  the  Arcliilithic  Epoch.     Therefore, 
Illy  all  the  invertebrate  ancestors  of  our  race,  but  also 
H!  earlitst  form  of  our  vertebrate  progenitors  must  have 
iveloped   in    that    primordial   time,   which   indudes   the 
tnrcDtian,  Cambrian,  and   Silurian  Periods.     (Of.  Tables 
1 1  ,  X1V„  and  XVI.,  pp.  12,  19,  4i.) 

jifiirtunately,  Palaeontology  can  give  us  absolutely  no 

intJOQ  with  regard  either  to  the  structure  of  our  oldest 

■rute  ancestors,  or  to  the  time  of  their  appearance; 

■i.-ir  bodieH   were  as  soft  and   as  destitute   of  hard 

capable  of  fossilization,  as  were  the   bodies  of  all 

I  i<?ceding  invertebrate  ancestors.     It  is,  therefore,  not 

.i-<ing,    but   quite    natural,    that    we    find    no    fossU 

mains  «f  the  former  in  the  Archilithic  formations.     Tlie 

■bMinwhicb  the  ^ft  cartilaginous  skeleton  was  partly 
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modified  into  hard  bone,  are  the  earliest  Vertebrates  es] 
of  leaving  petrified  records  of  their  existence  and  stmd 

Fortunately,  this  want  is  more  than  counterbala 
by  the  much  more  important  testimony  of  Compan 
Anatomy  and  Ontogeny,  which  henceforth  fonn 
safest  guides  within  the  Vertebrate  pedigree.  Thank 
the  classic  researches  of  Cuvier,  Johannes  Miiller,  Hic 
and  especially  of  Gegenbaur,  we  are  in  possession  of  i 
extensive  and  instructive  records  of  creation  in  this  i 
important  branch  of  tribal  history,  that  we  can  prov 
least  the  more  significant  features  in  the  development  of 
Vertebrate  ancestors,  with  the  most  gratifying  certaintj 

The  characteristic  peculiarities  by  which  Vertebi 
in  general  are  distinguished  from  aU  Invertebrates,  engf 
our  attention  some  time  ago,  when  we  examined  the  strue 
of  the  ideal  Primitive  Vertebrate  (Figs.  52-56,  p.  256). 
most  prominent  characters  were  as  foUows:  (1)  the  forma 
of  the  notochord  between  the  medullary  and  intestinal  tu 
(2)  the  differentiation  of  the  intestinal  tube  into  an  ante 
gill-intestine  and  a  posterior  stomach-intestine;  (3) 
inner  articulation,  or  formation  of  metamera.  The  Ve 
brates  share  the  first  two  qualities  with  the  larval  Ascid 
and  with  the  Chorda-animals  ;  the  third  quality  is  enti 
peculiar  to  them.  Accordingly,  the  most  important  st 
tural  advance,  by  which  the  earliest  vertebrate  forms  ori< 
ated  from  the  most  nearly  allied  Chorda-Animals,  consL* 
in  an  internal  metameric  structure.  This  showed  ii 
first  most  distinctly  in  the  articulation  of  the  musci 
system,  which  broke  up  on  the  right  and  left  into  a  se 
of  consecutive  muscular  plates.  At  a  later  period 
articulation  declared  itself  prominently  in  the  skeleton,  i 


cuwsincATiotr  op  vebtebratei 

bd  blood-vessel  systems.  As  we  have  already 
f  process  of  articulation,  or  metamerie  fonaation, 
tentiaUy  be  regarded  as  terminal  germiuatioQ. 
distinct  tnmk -segment,  or  metameron,  represents  an 
Ijml.  Thus  the  Vertebi'ates  with  their  internal 
^BUoQ  stand  in  a  similar  relation  to  their  inarticulate 
^Hftte  aQcetttors,  the  Chorda  Animals,  as  do  the  out- 
^segmented  Ringed  Worms  {Antidida)  and  Articu- 
'.iiimala  {Arthropoda)  to  tlie  Bimple  inarticv 
-  irom  which  they  originated. 
be  tribal  hiatory  of  Vertebrates  is  rendered  much  more 
^ble  by  the  natural  clasHification  of  the  tribe  which 
;  in  my  Qenerdle  Aforpholoffie  (1866),  and 
B  iioproved  in  many  ways  in  "  The  Natural  History  . 
'  (Chap.  XX.,  p.  192,  etc.).  In  accordance  with  ( 
Vertebrates  must  be  divided  into  at  least  J 
ks  follows :-~ 


^  antto-DiMiIlM  HemorMna) 


Wrih  Amnlni 


I.  LcpbxsrdJft . 
1.  CVeloglanu 
s.  PUeee 
Br  AmphlbLi 
t.  RtpIilU 


fbole  Vertebrate  tribe  may  primarily  be  dividedj 
'  two  main  sections  of  the  SkuU-less  and  the  f 
Bcitobratca.  Of  th^  earlier  and  lower  section,  that  J 
a  {Acrania).  the  Amphioxos  is  alone  extant^  I 
(  leceot  and  higher  section,  the  Skulled  (Cm-I 
gall  other  existing  Vertebrates  up  to  Man.    The  j 
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Craniota  branched  off  from  the  Acrania,  as  these  did 
the  Chorda  Animals.  Our  exhaustive  study  of  the  Com] 
tive  Anatomy  and  Ontogeny  of  the  Ascidian  and 
Amphioxus  have  already  affordedproof  of  this  relation. 
Chapters  XIII.  and  XIV.,  and  Plates  X.  and  XI.  with 
explanations.)  I  will  only  repeat,  as  the  most  impoi 
fact,  that  the  Amphioxus  develops  from  the  egg  in  exfl 
the  same  way  as  tiie  Ascidian.  In  both,  the  original  1 
gastrula  (Figa  4  and  10)  originates  in  an  exactly  sin 
manner,  by  primordial  cleavage  from  the  simple  parent 
(Figs.  1  and  7).  From  this  originates  that  remarkable  la 
which  develops  a  medullary  tube  on  the  dorsal  side  of 
intestinal  tube,  and  between  the  two  a  notochord.  J 
later  period,  both  in  the  Ascidian  and  in  the  Amphioxus 
intestinal  tube  differentiates  into  an  anterior  gill-intec 
and  a  posterior  stomach-intestine.  In  accordance  with 
fundamental  principle  of  Biogeny,  ttom  these  very  impoi 
facts  we  may  deduce  the  following  statement  of  great  pi 
genetic  importance :  the  Amphioxus,  the  lowest  Vertel 
form,  and  the  Ascidian,  the  most  nearly  allied  Invertel 
form,  have  both  descended  from  one  single  extinct  Vi 
form,  which  must  have  possessed  the  essential  structui 
the  Chorda  Animals. 

•  The  Amphioxus,  as  has  already  been  often  show 
of  extreme  importance ;  not  only  because  it  thus  fills 
great  gap  between  the  Invertebrates  and  the  Vertebi 
but  also  because  it  represents,  at  the  present  time, 
typical  Vertebrate  in  its  simplest  form;  and  becaus 
directly  affords  the  best  standpoint  from  which  to  exai 
the  gradual  historic  evolution  of  the  whole  tribe.  If 
structure  and  germ-history  of  the  Amphioxus  were 
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I    to  Q3,  the   whole  subject  of  the   development   of 

i  rtcbnite  tribe,  ami  thus  of  our  own  race,  would  be 
^eit'ped  in  an  impenetrable  veil.  The  accurate  anatomical 
1  ontograietic  knowledge  of  the  Ampbioxus,  attained 
ring  the  laat  few  years,  has  alone  pierced  that  heavy  veil, 
merly  supposed  to  be  impenetraWe.  If  the  Amphioxus  is 
nparcd  with  the  developiiJ  Man  or  any  other  of  the 
^er  Vertebrates,  a  great  number  of  striking  dissimilarities 
Q  be  aceo.  The  Amphioxus  has  no  specialized  head,  no 
tin, no  skull,  no  jaws,  no  limbs;  it  is  without  a  central- 
il  beart,  a  developed  liver  and  kidneys,  a  jointed  vertebral 
mut ;  every  organ  appears  in  a  much  simpler  and  more 
niUve  form  than  in  the  higher  Vertebrates  and  in  Man. 
'  T.iMc  X.,  vol  i.  p.  4UC.)     And  yet,  in  spite  of  all  these 

•  deviationa  from  the  sti-ucture  of  other  Vertebrates, 

VLiiphioxus  13   a  genuine,   unmistakable   Vertebrate; 

I  if,  instead  of  the  developed  Man,  the  human  embryo 

an    early  period    of    ite  Ontogeny   is    compared  with 

Amphioxus,  we  shall  find  perfect  parallelism  between 

two  in  all  essential  points.    (Cf.  Table  IX.,  vol.  i  p.  46S.) 

b  highly  important  parallelism  justifies  the  conclusion 

'    nil  the  Skulled  Animals  (Craniota)  have   descended 

I  common   primaeval   parent-form,   the   structure   of 

,  was  essentially  that  of  the  Amphioxus.  This  parent- 
m,  the  earliest  Primitive  Vertebrate,  possessed  the 
•aliar  characters  of  the  Vertebrates,  and  yet  was  without 
thoeo  important  peculiarities  that  distinguish  the  Skulled 
iDtabi  from  the  SkuU-Iesa.  Although  the  Amphioxus  ap- 
kra  peculiarly  organized  in  many  respects,  and  although 
lOt  be  regarded  as  an  unmodiiied  descendant  of  the 
I  Vertebrate,  yet  it  must  have  inherited  from  t 
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latter  the  distinguishing  characteristic  features  aira 
mentioned.  We  cannot  therefore  say  that  the  Amphioxa 
the  progenitor  of  the  Vertebrates ;  but  we  may  certainly  i 
that  the  Amphioxus  of  all  known  animals  is  nearest  all 
to  this  progenitor ;  both  belong  to  the  same  limited  £un 
group,  to  the  lowest  Vertebrate  class,  that  of  the  Skull-I 
Animals  (Acrania).  In  the  human  pedigree,  this  gro 
forms  the  ninth  stage  of  the  ancestral  chain,  the  first  amc 
Vertebrate  ancestors.  From  this  Skull-less  group  i 
developed  the  Amphioxus  on  the  one  side,  and  on  the  oti 
the  parent-form  of  the  Skulled  Animals  (Craniota). 

The  comprehensive  group  of  the  Skulled  Anim 
includes  all  known  Vertebrates,  with  the  single  exc 
tion  of  the  Amphioxus.  All  these  Skulled  Aniir 
possess  a  distinct  head,  inwardly  specialized  from 
trunk,  and  this  contains  a  skull,  enclosing  a  brain.  1 
head  also  carries  three  of  the  higher  sense-organs,  which 
partially  wanting  in  the  Skull-less  Animals  (nose,  ears,  i 
eyes).  At  first,  the  brain  appears  in  a  very  simple  form 
an  anterior  bladder-like  extension  of  the  medullary  t 
(Plate  XI.  Fig.  16,  rn^).  This,  however,  is  soon  distributed 
several  tranverse  grooves — first  into  three,  and  afterwa 
into  a  series  of  five  consecutive  brain-bladders.  In 
formation  of  the  head,  skull,  and  brain,  together  with 
higher  sense-organs,  lies  the  most  essential  advance  m 
by  the  skulled  parent-form  beyond  its  skull-less  ancest 
Other  organs,  however,  also  soon  rose  to  a  higher  gr 
of  development;  a  compact  centralized  heart  appearec 
more  perfect  liver  and  kidneys;  and  in  other  direct] 
also  important  advance  was  made. 

The  Skull-less  Animals  may  be  primarily  subdivi* 


SKULL-LESS  AKDULS.  lOI 

ifleriog  main  sections,  that  of  the  Single-nostrils 
s),  and  that  of  the  Double-nostrilH  {AmpluTkina). 
ev  there  are  but  very  few  esLant  forms,  which 
Etound-mouths  (Cydoaloma).  Tliese  are,  however, 
kerest,  because  in  their  whole  etrueture  they  are 
between  the  Skull-less  Animals  and  the  Double- 
iphirhi'aa).  Their  organization  ia  much  higher 
of  the  Skull-less  Animals,  much  lower  than  that 
pnble-nostrils ;  they  thua  form  a  very  welcome 
tic  link  between  those  two  di^-isions.  We  may 
represent  them  as  a  special,  tenth  stage  in  the 
cestral  series. 

existing  species  of  the  class  of  Sound-mouths  are 
I  into  two  different  orders,  which  are  distinguished 
[8  and  the  Lampreys  The  Hags  (Myxinoidea) 
4^)indrieal,  worm-like  bodies.  Llnnasus  classed 
%g  Worms,  but  later  zoologists  have  placed  them, 
among  the  Fi»hes,  sometimes  Amphibians,  and 
I  UoUuacs.  The  Hags  live  in  the  sea  and  are 
Brasitlc  on  Fishes,  into  the  skin  of  which  they 
hy  means  of  their  round  sucking  mouths  and 
ied  tongues.  Tticy  are  occasionally  found  in  the 
of  Fishes — for  example,  of  the  Cod  and  Stmr- 
ring  penetrated  to  the  interior  in  their  passage 
ikin.  The  second  order,  that  of  the  Lampreya 
Kntea),  includes  those  well-known  "Nine  eye^" 
the  seaside ;  the  little  river  Lamprey  {Pelro~ 
veiatilia)  and  the  large  sea  Lamprey  {Pclromyzim 
Fig.  180). 

aimab  included  in  the  two  groups  of  the  Myxi- 
the  PetromyzojUea,  are   called   Kound-mouths 


I 
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{Cydostoma),  from  the  fact  that  their  mouth  forms  a  cirenlb 
or  semi-circular  opening.  The  upper  and  under  jaivM 
which  appear  in  all  the  higher  Vertebrates,  are  complete^ 
wanting  in  the  Bound-mouths,  as  in  the  Amphioxua 
other  Vertebrates  are  therefore  distinguishable  from 
as  "Jaw-mouthed"  {Onaihoatcynii).  The  Bound-mouths 
also  be  called  "  Single-nostrils  "  {Monarhina),  because 
have  but  a  single  nasal  tube,  while  the  Qnathostomi  are 
furnished  with  a  pair  of  nasal  cavities,  a  right  and  a 
nose-cavity  ("  Double-nostrilled,"  AmphirhiTia),  But  M 
addition  to  these  peculiarities,  the  Jaw-mouths  are  alao 
distinguished  by  many  other  remarkable  structural  arrange- 
ments, and  are  further  removed  from  the  Fishes  than  the 
latter  are  from  Man.  They  must,  therefore,  evidently  be 
regarded  as  the  last  remnant  of  a  very  old  and  veiy  low 
class  of  Vertebrates,  which  are  far  below  the  structural 
stage  of  a  genuine  Fish.  To  mention  here  briefly  only 
the  most  important,  the  Bound-mouths  are  entirely  with- 
out any  trace  of  limbs.  Their  slimy  skin  is  quiU 
naked  and  smooth,  without  scales.  They  are  whoUj 
destitute  of  a  bony  skeleton.  The  inner  skeleton  axis  ii 
a  very  simple  inarticulate  notoehord,  like  that  of  th< 
Amphioxus.  In  the  Lampreys  alone  a  rudimentary  artica 
lation  is  indicated  by  the  fact  that  upper  arches  appear  ii 
the  vertebral  tube  proceeding  from  the  notoehord  sheath 
At  the  anterior  end  of  the  chorda  a  skull  is  developed  ii 
its  very  simplest  form.  From  the  notoehord  sheath  pro 
ceeds  a  small  soft-membraneous  skull  capsule,  whicl 
becomes  partly  cartilaginous:  this  capsule  encloses  th* 
brain.  The  important  apparatus  of  the  gill-arches,  th( 
tongue-bone,  eta,  which  is  inherited  by  all  Vertebrate 


to  Man,   is  wholly  wanting    in 

inoatbs.      They  have,   indeed,   a 

cartilaginous  gill-ekeletoii,  but  this 

different  morphological  significance. 

r  hand,  in  them  we  meet,  for  the 

with    a    brain,    that    important 

a,    which   has    been   transmitted 

Kngle-Qostrils  up  to  Man.    It  ia  true 

Round-mouths  the  brain  appears 

%  very  Kmall   and  comparatively 

swelling  of  the  spinal  chord ;  at 

fde  bladder  (Plate  XI.  Fig.  16,  m,), 

rvrarda  separates  into  five  conaecu- 

rlhulders,  as  in  the   brains  of  all 

.thers.    Th&ie  five  simple  prunitlve 

llers,   which  reappear  in  a   similar 

embryos  of  all  higher  Vertebrates, 

(  up  to  Man,  and  which  undergo 

iplex  modification,  remain  in   the 

ths,  in  a  very  low  and  undifieren- 

B  of  development.     The  histological 

titructiu^  of  the  nervous  system  is 

■more  imperfect  than  in  other  Verte- 

n^iile   in    the    latter   the   organ  of 

iRrayB  baa  three  somi-clrcular  canals, 

kojnvya  it  has  but  two,  and  in  the 

one.      In   most  other  points   also, 

[Itzation    of   the    Round -mouths    is 

■—The  Urge  Sea-lnmprey  (PetTDinj/tnn  mori. 

'aoed  in  liie.    A  serial  uf  tsTau  gill-opeo- 
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much  simpler  and  more  imperfect,  as,  for  iTiBtanee^  in 
structure  of  the  heart,  the  circulatory  syBtem,  and 
kidneys.     In  them,  as  in  the  Amphioxua,  the 
portion  of  the  intestinal  canal  does,  indeed,  form 
gills ;  but  these  respiratory  organs  are  developed  in 
peculiar  way :  in  the  form  of  six  or  seven  little  poadM^i 
sacs,  which  lie  on  both  sides  of  the  anterior  intestine 
communicate  with  the  throat  (pharynx)  by  inner 
and  by  outer  ones  with  the  external  skin.    This  is  a 
peculiar  formation  of  the  respiratory  organs,  quite 
racteristic  of  this  class  of  animals.    They  have 
been  called  the  "Pouch-gills"   (Marsupobranchii). 
absence  of  one  very  important  organ  found  in  the 
the  swimming-bladder,  from  which  the  lungs  of  the 
Vertebrates  have  developed,  should  be  especially  noticed 

In  their  germ-history,  as  in  their  whole  anatomical  st^l^ 
ture,  the  Round-mouths  present  many  peculiaritiea  Thef 
are  even  peculiar  in  the  unequal  cleavage  of  the  egg,  whid 
most  nearly  approaches  that  of  the  Amphibians  (Fig.  31, 
voL  L  p.  203).  This  results  in  the  formation  of  a  Hood* 
gastrula,  like  that  of  Amphibians  (Plate  II.  Fig.  11).  FroD 
this  develops  a  very  simple  organized  larval  form,  which  h 
closely  allied  to  the  Amphioxus,  and  which,  for  that  reason 
we  examined  and  compared  with  the  latter  (voL  i.  p.  428 
and  Plate  VIII.  Fig.  16).  The  gradual  germ-evolution  o 
these  larvse  of  the  Bound-mouths  explains  very  clearly  an< 
unmistakably  the  gradual  evolution  of  the  Skulled  from  th 
Skidl-less  class  of  Vertebrates.  At  a  later  period,  firon 
this  simple  Lamprey  larva  is  developed  a  blind  and  tooth 
less  larval  form,  which  is  so  very  different  from  the  matur 
Lamprey  thati^  until  twenty  years  ago,  it  was  generall; 
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cribed    aa  a  peculiar  form  of  fish   under  the  name  of 
nnwotBte9,     By  a  further  metamorpbosis  this  blind  and 
ithlcss  Ammoccetes  ia  transformed  into  the  Lamprey  with 
Es  and  t^eth  (Petromyzon)}*'' 
Stituming  up  all  these  peeulianties  in  the  structure  and 
log)'  of  the  Round-mouths,  we  may  assert  that  the 
■  rikuUed  Animals,  or  Craniota,  diverged  in  two  lines ; 
10  oi  these  lines   has  continued  up  to  the   present  time 
ai  littlB  modified;   it  is  represented  by  the  Cyclostoma, 
■  Monorhina,  forming  a   collateral  line  which  has  made 
I'ie  prpgreaa,  but  has  remained  at  a  very  low  stage  of 
rment.     The  other  line, the  direct  line  in  the  pedigree 
Vertebrates,  advanced  in  a  straight  line  to  the  Fishes, 
j :  )\v  new  adaptations  attained  many  important  improve- 
in  order  rightly  to  appreciate  the  phylogenetic  signi- 
ESBce   of  interesting  remnants    of    primieval    groups    of 
aunala,  such  as  the  Round-mouths,  it  is  necessaiy  to  study 
linately  their  various  peculiar  characters  philosophically 
ad   with   the  aid  of  Comparative   Anatomy.     A  careful 
bUncUon   must  be  drawn  between  the   hereditary   cha- 
leten    which  have   been   accurately   transmitted    to  the 
reaenl  day  by  heredity  from  common,  primieval  ancestors, 
ow  extinctv  on  the  one  hand ;    and,  on  the  other,   those 
3eaal  adaptive  peculiarities  which  the  existing  remnant 
r  kfaai  primieval  group  have,  in  the  course  of  time,  gained 
seoodarOy   by   adaptation.      To   the    latter   class  belong, 
ar  example,  in  the  Round-mouths,  the  peculiar  formation 
f  tlie  single  nostril   and   the   round  sucking  mouth ;   as 
rtU  aa  special  structural   arrangements  of  the  epidermis 
Dd  tbfl  poDch-abaped  gills.     But,  on  the  other  hand,  to  the 
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former  class  of  characteristics^  which  alone  have  any  p 
genetic  significance,  belong  the  primitive  formation  c 
vertebral  colmnn  and  the  brain,  the  absence  of  the  8 
ming-bladder,  of  jaws,  Umbs,  etc 

In  the  animal  system,  the  Round-mouths  are  ufi 
classed  among  Fishes ;  but  that  this  is  quite  inoom 
apparent  from  the  simple  fact  that,  in  aU  important 
prominent  structural  peculiarities,  they  are  further  ren 
from  the  Fishes  than  the  Fishes  are  from  the  MAmmi^ls 
from  Man. 
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111.  TbOM  TSt  pBlMinVB  PlBH  T 
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kKgiwsliTe  AJuUoro;  ot  the  Vertebrul^B. — The  CharacteriBtic  Qnalitie*  of 
tha  Double Jiiialril led  aod  Jaw-montbed  :  tbe  DoDble-NostriU,  the  Gill- 
Wcb  A(>pnr%tiu,  with  (he  Jow-arohoii,  the  Sirimming-lilmlder,  the  Two 
Pur*  of  Limbs. — KeUtionRbip  of  the  Tbree  Gmapii  of  Fisht<s  :  the  Pri- 
mitiTe  FiahM  (SelachO),  the  Gaooida  (Oanoi^a),  tha  Obscohh  Fiahes 
(TelAMlfli).— Dawn  of  Terrestial  Life  on  the  Earth.— Mudi Sea tion  of 
the  Swimming-bladder  into  the  Longe. — Intermediate  Poaition  of  tha 
Dipoenila  betireen  the  FrimitiTe  Fishea  nod  Amphibia.^Tha  Three 
lit&ot  DipneaBta  (Frolopt/rvi,  LepidimTtn,CtratBdv») . —  Modification  ot 
tha  Unnr-toed  Fin  nf  the  Fisb  into  the  Fiva-toed  Foot.— CaoBes  and 
BSnctaof  thelaltar. — Descent  of  all  Higher  Tartebratea  from  a  Five-lfled 
AmphiliAn. — ^Intermediate  Position  of  tho  Amphibians  betweeo  the 
LoHrr  anil  Higher  Tertebiatea. — ModiiicBtion  or  Metomurphoais  of 
Frvg*. — Different  Slagee  ia  Amphibioa  Metscaorpboais. — Tha  Qilled 
BM»cbiui>  (ProifOM  and  Aio(oel).— Tho  Tailed  BBtrochioDfl  (Snlcunnn- 
dan  BOd  Uod-fighl. — Frog  BatrnchiaoB  (Froga  and  Toads). — Chief 
Oroop  nf  the  Amnion  Animnla,  or  Amniola  (BoptileB,  Birds,  and 
KammnlO'— Do«vit  of  all  the  Amniola  from  a  Common  Lizard. like 
I^mit-fnrm  (rmtnmnion).— Firat  Formation  of  the  Allnntois  and  of  the 
Araaian. — Brnnehinir  of  the  Amuion  AnimaU  in  Two  Lioea  ;  on  tha  one 
aide,  Il«]itilea  (wid  Uirdt},  on  the  other  sido,  Maaimals. 


n  ia  an  iDdispenBahla  facoltf  i  tor  it  ia  that  whioh.  hj 
lamnit  new  KunbinationB,  occoaions  important  diacoTeriea.    The  ni 
Maria  both  ih«  dtHcriminating  power  of  abBtruot  renaon,  and  the  geoertUiiiing 
fMai  ot  tlw  inuigiaatiaD.  and  that  the  two  should  be  harmooioiuly  inter. 
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irelated.  If  the  proper  balance  of  thete  faoaltiee  is  dertrojned,  tlie  nal; 
is  harried  into  ohimerical  &noies  by  hu  imagination ;  while  the  mi 
leads  the  gifted  naturalist  of  sufficient  strength  of  reason  to  tht 
important  discoveries."— Johamnbs  Mullss  (1884). 

The  further  we  proceed  in  human  tribal  history,  the 
rower  does  that  part  of  the  animal  kingdom  become  w. 
which  we  must  look  for  extinct  ancestors  of  the  hv 
raca  At  the  same  lime,  the  evidence  as  to  the  histo 
the  evolution  of  our  race  given  by  what  we  have  calle< 
records  of  creation,  the  evidence  of  Ontogeny,  of  Com] 
tive  Anatomy,  and  of  Palaeontology,  grows  constantly 
extensive,  complete,  and  trustworthy.  It  is  thei 
natural  that  Phylogeny  should  assume  a  more  definite 
the  nearer  we  approach  the  higher  and  the  highest  s 
of  the  animal  kingdom. 

Comparative  Anatomy  especially  has  done  far  moi 
our  knowledge  of  these  higher  stages  of  evolution  ii 
animal  kingdom  than  for  the  lower.  This  impc 
science,  which  aims  at  a  true  philosophy  of  organic  f 
has  made  greater  progress  in  the  Vertebrate  tribe  than  ii 
section  of  the  Invertebrate.  Cuvier,  Meckel,  and  Johi 
Mliller  had  already  laid  a  deep  and  extensive  foundi 
and  now  the  Comparative  Anatomy  of  Vertebrates 
recently  been  powerfully  advanced  by  the  admirable  i 
tigations  of  Owen  and  Huxley,  and,  especially,  has 
perfected  to  such  a  degree  by  the  unsurpassed  laboi 
Qegenbaur,  that  it  now  forms  one  of  the  strongest  sup 
of  the  Theory  of  Descent.  Relying  on  the  evidence 
furnished,  we  can  now,  with  a  great  degree  of  certi 
recognize  the  most  important  outlines  of  the  series  of  t 
and  the  ramifications  of  the  Vertebrate  pedigree. 
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I  part   of  the  animal  kingdom  with  which  we  are 
iemeil  has  become  so  narrow,  even  before  we  have 
Arcliilithic  Epoch,  that  hut  a  Bingle  one  of  the 
;  iU>es  of  the  animal  kingdom  forms  tho  object  of  our 
Even  within  this  tribe  we  have  paa^ed  the  lowest 
.,  and  have  risen  above  the  Skull-lesa  (Acraiila)  and 
Itle-QosU'iUed  Vertebrates  (Monm'hina),  to  tho  class  of 
™".     The  latter  nre  the  first  of  the  great  main  division 
rtobratcs  difitingui&hed  by  mouths  with  jaws  and  by 
'  i  noetrils  {Ampfurfdva,  or  Onatfiostoma).    From  Fishes 
.rt  agiuD,  as  from  that  class  of  Vertebrates  which  are 
"Ably  shown  by  Comparative  Anatomy  and  Ontogeny 
'he  ancestral  class  of  all  higher  Vertebrates,  all  Am- 
hitta.     Of  course  no  existing  Fish  can  bo  regarded  as 
direct  parent-form  of  the  higher  Vertebrates.     But  it  Is 
•Hy   certain    that    from    a   common   extinct  Fish-liko 
:  -form  we  may  trace  all  thoae  Vertebrates  from  Fishes 
1   Man,  which  are  included  under  the  name  of  Am- 
mo.    If  this  primteval  parent-form  were  extant,  we 
1  iindonbtediy  describe  it  as  a  genuine  Fish  and  ela-ss 
ng  FbJies.     Fortunately,  the  ComparaLive  Anatomy 
I  loaHification  of  the  Fishes  has  been  so  far  advanced 
ks  to  tlie  labours  of  Johannes  MilUer  and  Oegenbaur) 
ve  can  very  clearly  distinguish  these  most  important 
iiUTceiing  genealogical  relations. 

1   order  correctly  to  underatand  tho  human   pedigree 
^  tiia  Vertebrate  tribe,  it  is  very  important  to  bear  in 
!  diBtinguishing  characteristics,   aejiarating  Fishes 
tho    other    Double-nostrils    {Amphirldna)   from 
■trilled  and  Skull-less  Animals  {M(»i<yhvna  and 
Kt).     Tbeee  very  distinguishing  characteristic  marks 
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Fishes  have  in  common  with  all  other  Double-nostrik 
to  Man,  and  it  is  on  this  parallelism  that  we  found 
claim   of  relationship  to  Fishes.     (Cf.    Table   X., 
p.  466.)    The  following  characters  of  the  Double-i 
must  be  especially  indicated  as  the  s}rstematic 
features  of  the  highest  importance :  (1)  the  double 
of  the  nose ;  (2)  the  internal  gill-arch  apparatus, 
with  the  jaw-arches ;  (3)  the  swimming-bladder,  or  li 
and  (4)  the  two  pairs  of  limbs. 

As  to  the  nasal  structure,  on  which  is  based  the 
tion  of  the  Single-nostrils  (Monorhina)  from  the  Dool 
nostrils  (Amphirhina),  it  is  certainly  significant  that 
Fishes  the  earliest  rudiment  of  the  nose  consists  of  twoi 
tirely  distinct  lateral  grooves  or  pits  in  the  outer  surface  i 
the  head,  just  as  is  the  case  in  the  embryo  of  Man  and  of  i 
higher  Vertebrates.  On  the  other  hand,  in  Single-nosid 
and  Skull-less  Vertebrates  the  first  rudiment  of  the  nose  i 
from  the  first,  a  single  pit  in  the  centre  of  the  forehei 
region.  No  less  important  is  the  higher  development  of  tih 
skeleton  of  the  gill-arch  and  of  the  jaw  apparatus  connecte 
with  it,  as  it  occurs  in  all  Double-nostrils  from  Fishes  1 
Man.  It  is  true  that  the  primitive  modification  of  tl 
anterior  intestine  into  the  gill-intestine,  which  occurs  eve 
in  Ascidians,  is  developed  in  all  Vertebrates  from  one  simp 
rudiment;  and  in  this  respect  the  gill-openings,  which 
all  Vertebrates  and  also  in  Ascidians  pierce  the  wall  of  tl 
gill-intestine,  are  quite  characteristia  But  the  extern 
framework  of  the  gills,  which  in  all  Skull-less  and  Sing] 
nostrilled  Animals  (Acraniota  and  MonorJtina)  suppoi 
the  gill-body,  is  displaced  in  all  Double-nostrils  (Ampli 
rhina)  by  an  internal  gill-skeleton  which  replaces  the  form( 
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b  internal  gill-support  consists  of  a  consecutive  series  ot 

nous  arches,  which  are  situated  between  the  gill- 

ings  within  the  wall  of   the   throat   (pharynx),   and 

I  tx>und  the  throat.     The  foremost  of  these  pairs  of 

•hes    changes    into    the  jaw-arch   {maxillary  arch), 

b  pvea  rise  to  the  upper  and  lower  jawa. 

L  Uiird  eflsential  character  hy  which  all  Double-nostrils 

I  well   distinguished   from   all   those  lower   Vertebratea 

we  have  already  considered,  is  the  formation  of  a 

■Li!.!  --lie  which  protrudes  from  the  anterior  portion  of  the 

^tcitinal  canal,  and  which  in  the  Fishes  becomes  the  air- 

Bwtmming-hladder  (Plate  V.  Fig.  13,  lu).     An  this 

D  proportion  as  it  contains  a  greater  or  less  quantity 

r,  or  in  proportion  as  this  air  is  more  or  less  compresaed, 

I  higher  or  lower  specific  gravity  to  the  Fish,  it 

B  a  hydrostatic  apparatus.     By  this  means  the  Fish 

!  or  sink  in  the  water.     This  swimming-bladder  is 

I  organ  from  which  the  long  of  higher  Vertebrates  has 

relopt^l.     The  fourth  and  last  main  character  of  Double- 

Irila   is  the   presence   of  two   pairs   of    extremities  or 

mbers  in  the  primitive  arrangement  of  the  embryo ;  a 

:  of  fore  limbs,  which  in  Fishes  are  called  pectoral  fins 

;.  191,  v),  and  a  pair  of  hind  limbs,  which  in  Fishes  are 

1  ventral  fins  (Fig.  191,  A).    The  Comparative  Anatomy 

E  Uiese  fins  is  of  supreme  interest,  because  they  contain 

B  nulimeotji  of  all  those  parts  of  the  skeleton  which,  in 

1  tii«  higher  Vertebrates  up  to  Man,  form  the  skeleton  or 

support  of  the  extremities  of  the  fore  and  hind  limbs.     In 

-koll-leas  and  Single-nostrilled  Animals  there  is.  on  the 

iatnry,  oo   trace  of  these   extremities.     In  addition  to 

tbt*i  four  most  important  main  characters  of  the  Amphi- 
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rhina,  we  might  further  mention  the  presence  of  M 
pathetic  nerve-system,  a  spleen,  a  ventral  salivary 
organs  which  are  not  represented  in  the  lower  Vc 
already  considered.    All  these  important  parts  have 
mitted  themselves  from  Fishes  up  to  Man,  and  frooi 
circumstance  alone  it  is  evident  how  wide  a  chasm 
rates  the  Fishes  from  the  Skull-less  and  Single-] 
Animals  {Acraniota  and  Monorhina),    Fishes  and 
possess  all  these  characters  in  common  (Table  X). 

Turning  now  to  consider  tlie  Fish  class  in  greater 
we  may  divide  it  primarily  into  three  main  groapa^  or 
classes,  the  genealogies  of  which  are  evident  The 
and  most  ancient  group  is  that  of  the  Primitive 
(Selachii),  the  best-known  extant  representatives  of  whkk] 
are  the  members  of  the  much- varied  orders  of  Sharks  asd^ 
Rays  (Figs.  191, 192).  These  are  followed  by  a  series  o£ 
further  developed  Fish  forms,  by  the  sub-class  of  Muooas 
Fishes  (OaTwides).  The  greater  number  of  these  have  long 
been  extinct,  and  only  very  few  living  representativea  are 
known ;  these  are  the  Sturgeon  and  Huso  of  European  sets, 
the  Polypterus  of  African,  and  the  Lepidosteus  and  Amia 
of  American  rivers.  The  earlier  abundance  of  forms  belong- 
ing to  this  interesting  group  is,  however,  proved  by  the 
abundance  of  their  fossil  remains.  From  these  Mucous 
Fishes  originated  the  third  sub-class,  that  of  the  Osseous 
Fishes  {Teleostei),  to  which  belong  most  extant  Fishes,  espe- 
cially nearly  all  our  river  fish.  Comparative  Anatomy 
and  Ontogeny  very  clearly  show  that  the  Ganoids  sprang 
from  the  Selachii,  just  as  the  Teleostei  sprang  from  the 
Oanoida  But,  on  the  other  hand,  a  second  side-line,  or 
rather  the  main  ascending  line  of  the  Vertebrate  tribe. 
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Fig.  191. — ^Embxyo  of  a  Shark  (Sq/mnus  lichia),  seen  fttna  Teiifcnl  lid 
V,  pectoral  fins  (in  front  of  those  five  pairs  of  g^ll-openings)  ;  fc,  TentnJ  fli 
a,  anal  opening ;  s,  tail  fin ;  k^  external  gill-tofts ;  d,  yelk-sac  (the  giwA 
part  of  this  has  been  removed) ;  g,  eye ;  n,  nose ;  m,  month  fissnie. 

Fio.  192. — Developed  Man-shark  (Careharias  melanopUrua),  seen  fi^ 
the  left  side  :  r^  first,  r,  second  dorsal  fin;  a,  tail  fin;  a,  anal  fin;  v,  pediri 
fins ;  7i,  Tentral  fins, 

developed  in  another  direction  from  the  Primitive  Fishei 
this  line  leads  upward  through  the  Dipneusta  group  to  tk 
important  class  of  Amphibia. 

This  significant  relationship  between  the  three  groQi 
of  Fishes  has  been  placed  beyond  all  doubt  by  the  n 
searches  of  Gegenbaur  on  the  subject.  The  lucid  discussio 
on  the  "  systematic  position  of  the  Selachii  "  which  thi 
author  inserted  in  the  introduction  to  his  classic  study  ( 
the  "  head  skeleton  of  the  Selachii,"  must  be  regarded  1 
definitely  proving  this  important  relation.^*®  In  Primitii 
Fishes  {Selachii),  however,  the  scales  (skin  appendage 
and  the  teeth  (jaw  appendages)  are  identical  in  formati( 
and  structure,  while  in  the  other  two  groups  of  Fish 
(Mucous  and  Osseous  Fishes)  these  organs  have  alreac 
become  distinct  and  differentiated.  Moreover,  in  Primitr 
Fishes,  the  cartilaginous  skeleton  (the  vertebral  coIud 
and  the  skull,  as  well  as  the  membei's)  is  of  the  simple 
and  most  primitive  nature,  of  which  the  bony  skeleto: 
of  Mucous  and  Osseous  Fishes  must  be  regarded  as 
modification.  It  is  true  that  in  certain  respects  (in  t 
structure  of  the  heart  and  of  the  intestinal  canal)  Muco 
Fishes  fully  coincide  with  Primitive  Fishes,  and  differ  fro 
Osseous  Fishes.  But  a  comparative  review  of  all  t 
anatomical  relations  plainly  shows  that  the  Mucous  Fish 
constitute   a    connecting    group   between    Primitive    ai 
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■■Hiua  FisheBL     The  Primitive  Fishes  {Sdachii)  foiin  tlie 

mfist  ancient  and  original  gi-oup  of  Fishes,     From  theae, 

■ne    direction,  all  other   Fishes  Iiave   developed ;    the 

■iiB  Fishes  lirstv  which,  at  a  much  latei'  period  (in  the 

.-■iic,  or  the  Chalk  Period),  gave  riae  to  the  Osseous 

!•«.     In  another  direction,  the   Primitive   Fishes  gave 

f.i  llic  parent-forms  of  the  higher  Vertebrates,  directly 

.lie.  Dipneusta,  and  tbu3  to  Amphibians.     Kegaixiing  the 

.'  liii  as  forming  the  eleventh  stage  in  our  pedigree,  these 

-Id  be  followed  by  the  Dipneusta  gioup  as  the  twelfth 

.',  and  by  the  Amphibinn  group  as  the  thirteenth  stage. 

Tlie  advance  effected  in  the  development  of  the  Mud- 

■v  {^DipneuBta)  from  the  Primitive  Fishea  is  of  great  mo- 

[,  and  is  connected  with  a  very  noticeable  change,  which 

:  place  in  tlie  beginning  of  the  Pala'ozoic,  or  Primary 

:  "I  in  organic  life  as  a  whole.     For  the  very  numerous 

1 1  remains  of  plants  and  animals  which  are  now  known  to 

iig  to  the  first  three  epoclis  of  the  history  of  the  earth— 

:Iiu  Laurentian,  the  Cambrian,  and  the  Silurian  Perioils, 

delusively  those  of  aquatic  plants  and  animals.     From 

jtalfcontological  fact,  taken  in  connection  with  certain 

uri-i^iity  geological  and  biological  considerations,  we  may 

infer,  with   tolerable  certainty,  that  at  that  time  no  land 

animals  yet  existed.    During  tlie  whole  of  the  enormous 

Arctozoic  Period — during  many  millions  of  years — the  living 

popuIatioD   of  oui-  globe  were  all  water-dwellers :   a  veiy 

■kable   fact,  when   it  is  remembered  that  this  perio<l 

s  the  larger  half  of  the  entire  organic  history  of  the 

°  lower  animal  tribes  are  even  now  exclusively, 

ritb   very    few  exceptions,  aquatic.      But  during  the 

!oic,  or  Primordial   Epoch,  the  higher  animal  tribes 
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continued  exclusively  adapted  to  aquatic  habits  of  lif&  ] 
was  not  till  later  that  they  adopted  a  land  life.  The  earliei 
fossils  of  terrestrial  animals  occur  in  the .  Devonian  strata! 
which  were  deposited  in  the  beginning  of  the  second  greil 
division  of  the  earth's  history  (the  Paleozoic  Epoch).  Thq 
increase  greatly  in  number  in  the  deposits  of  the  Coal  ami 
Permian  Periods.  Even  in  these  early  formations  maag 
terrestrial  and  air-breathing  species,  both  of  the  Artbn> 
pod  and  of  the  Vertebrate  tribe,  occur;  while  their  aquatii 
ancestors  of  the  Silurian  Period  breathed  nothing  bol 
water.  This  physiologically  significant  modification  of  th 
mode  of  respiration  is  the  most  influential  change  thai 
affected  the  animal  organism  in  the  transition  from  wata 
to  dry  land.  In  the  first  place  it  caused  the  developmen 
of  an  air-breathing  organ,  the  lung,  the  water-breathio) 
giUs  having  previously  acted  as  respiratory  organs.  Simu] 
taneously,  however,  it  effected  a  remarkable  change  in  th 
circulation  of  the  blood  and  in  the  organs  connected  witl 
this ;  for  these  arc  always  most  closely  correlated  with  th 
respiratory  organs.  In  addition  to  these,  other  organs  alsi 
either  in  consequence  of  more  remote  correlation  with  th 
respiratory  organs,  or  in  consequence  of  new  adaptation 
were  more  or  less  modified. 

Within  the  Vertebrate  tribe  it  was  undoubtedly  a  branc 
of  the  Primitive  Fishes  {Selachii)  which,  during  the  D< 
vonian  Period,  made  the  fii^st  successful  effort  to  accustoi 
itself  to  terrestrial  life  and  to  breathe  atmospheric  air.  I 
this  the  swimming-bladder  was  especially  of  service,  for  ; 
succeeded  in  adapting  itself  to  respiration  of  air,  and  e 
became  a  lung.  The  immediate  consequence  of  this  wi 
the  modification  of  the  heart  and  nose.     While  true  Fislu 
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'  onljr  two  blind  nose-pite  on  the  surface  of  the  head, 

n'>  now  hecame  connected  with  the  mouth-cavity  by  an 

n  passage.     A  canal  formed  on  each  aide,  leading  directly 

[II   till!  nose-pit  into   the  mouth-cavity,  and  thus  even 

I  Ir  ibf!  mouth-opening  was  closed  the  necessary  atmo- 

;ii  ric   air  could   be   introduced  into  the   langa     While, 

reovw,  in  all  true  Fishes  the  heart  consists  simply  of  two 

n.partments,  an  auricle,  which  receives  the  venous  blood 

'ti  the  veins  of  the  body,  and  a  ventricle,  which  forces 

-  blood  through  an  aiteiial  expansion  into  the  gilla,  the 

iiicJe,  owing  to  the  formation  of  an  incomplete  partition 

11,    ia    now    divided    into    a    right    and   a    left    half. 

'  ■  right  auricle  aiono  now  i"eceived  the  venous  blood  of 

body,   while   the    left  auricle   received  the   puhnonic 

:.r>iis  blood  passing  fi'om  the  lungs  and  tlie  gilla  to  the 

rt      The  simple  blood-circulation  of  the  true  Fishes  thus 

..■Mj  til-?  so-called  double  circulation  of  the  higher  Ver- 

.1   - ,  nnd  this  development  residted,  in  accordance  with 

iaw^  of  correlation,  in  further  progress  in  the  structure 

.  .thcr  organs. 

Tlu;  vertebrate  class,  which  thus  first  adapted  itself  to 

liabit  of  breathing  air,  and  which  originated  i'rom  a 

(leh  of  the  Sclachli,  are  called  Mud-fishes  (Dtpiieueta), 

i>oablo-brcathers,  because,  like  the  lowest  Amphibia, 

'  y  rvtaiti  the  earlier  mode  of  breathing  through  the  gills, 

.iddition  to  the  newly  acquired  lung-respiration.     Thin 

-  niTiKt  have  been  represented  by  numerous  and  diverse 

'  ;  d  liiiriiig  tin-  Palseolithic  Epoch  (during  the  Devonian, 

..■Tiiiin-us,   and  Permian   Periods).     As,  however,  the 

.  l-Um  iH  soft  and  cartilaginous,  like  that  of  the  Selachii, 

'  y  naturally  left  no  fossil  remains.     The  hard  teeth  of 
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single  genera  (CercUodtia)  could  alone  endure ;  these  i 
for  instance,  in  the  Trias.  At  the  present  time  thei 
only  three  extant  genera  of  this  whole  class :  Protoj. 
annedena,  in  the  rivers  of  tropieal  Africa  (White 
Niger,  Quillimane,  etc.) ;  Lepidoairen  paradoxa,  in  in 
South  America  (in  the  tributaries  of  the  Amazon) 
Ceratodvs  Fosteri,  in  the  swamps  of  Southern  Aus 
(Plate  XII.).^^  This  wide  distribution  of  the  three  isc 
descendants  of  the  class  is  alone  sufficient  to  prove 
they  are  the  last  remnants  of  a  group  which  was  fon 
very  widely  developed.  The  whole  structure  of 
bodies  shows  that  the  group  to  which  they  belong  fonr 
transition  between  Fishes  and  Amphibia.  The  direct 
sitional  structure  between  the  two  classes  is  so  cl 
expressed  in  the  whole  organization  of  these  curious  ani 
that  zoologists  yet  dispute  whether  the  Dipneustj 
Fishes  or  Amphibia.  Some  well-known  zoologists  stiU 
them  among  Amphibia,  while  they  are  usually  p 
among  Fishes.  In  fact,  the  characters  of  both  the  c' 
are  so  united  in  the  Dipncusta  that  the  answer  tc 
question  as  to  their  nature  depends  entirely  upon  the  r 
ing  attached  to  the  terms  "  Fish  "  and  "  Amphibian.' 
their  mode  of  life  they  are  true  Amphibia.  Durinj 
tropical  winter,  in  the  rainy  season,  they  swim  in  the  ^ 
like  Fishes  and  inhale  water  through  the  gills.  Durin 
dry  season  they  burrow  in  the  mud  as  it  dries  up 
during  that  period  breathe  air  through  lungs,  like 
phibians  and  higher  Vertebrates.  In  this  two-fold  res 
tion  they  do,  it  is  true,  coincide  with  the  lower  Amp] 
and  stand  far  above  Fishes.  Yet,  in  most  other  chara 
they  more  nearly  resemble  the  latter,  and  stand  beloT" 
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Ibimer.     Their  external  appearance  is  entirely  like  that  of 

"Hie  head  of  the  Dipnousta  is  uot   distinct  from   the 

',.     The  skin  is  covered  with  large   fish-scalea.     The 

ton  is  soft,  cartilaginous;   its  development  has  been 

iuit^teJ  at  a  very  low  stage,  just  as  in  the  lower  Primitive 

FiBhes.    The  notochord  ia  retained  entire.     The  two  pabis  of 

limlia  are  very  simple  fins  of  primitive  strnctm-e,  like  those 

"ftLe  lowest  Primitive  Fishes.     The  structure  of  the  brain, 

»f  the  intestinal  tube,  and  the  sexual  organs,  is  aku  as  iu 

''  I  litivo  Fishes,   The  Dipneusta,  or  Mud-fishes, have,  therc- 

liy  heredity,  accurately  retained  many  features  of  a 

I  r  urganization  deri\'ed  from  our  primfeval  Fwh  ancestor-s, 

vliile  their  adoption  of  the  habit  of  breathing  air  through 

lungs  introduced  a  great  advance  in  the  vertebrate  organi- 

QtioR. 

Moreover,  the  three  extant  Mud-fishes  differ  a  good  deal 
Rom  one  another  in  important  points  of  sti-ucturo.  The 
Australian  Mtid-fish  (Ceratodmn),  which  was  first  described 
It  Sidney  in  1870  by  Gerard  Kreffl,  and  wliicb  attains  a 
u^^  of  si\  feet,  appears  in  an  especial  degree  to  i-epresent 
I  primseval  and  very  conservative  animal  forra  (Plate  XII.). 
His  is  especially  true  of  the  structure  of  its  simple  lung, 
kttd  erf  its  fins,  which  contain  a  pinnate  skeleton.  In  the 
Vfricau  Mud-fish  (Protoptei'ua).  on  the  conti-ary,  and  in  the 
^erican  form  (Lcpitlomren)  the  double  lung  is  present,  as 
u  all  higher  Vertebrates ;  nor  is  the  fin-skeleton  pinnate. 
Ln  addition  to  the  internal  gills,  Protopterus  has  also  ex- 
:CTT!al  gills,  which  are  wanting  in  Lepidosii-en.  Those 
.:iuwn  Dipneusta,  which  were  among  oiu- direct  ancestors, 
■  hich  formed  the  connecting  link  between  the  Sdachii 
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Sj/stematic  Survey  of  the  Phylogenetic  Classification  of 

Vertebrates. 


L  ^fmlUItfii  (AenudA),  or  Z>vbt*lfctLXtt'U  (Leptoeudia), 
Yertebiates  without  a  spoolaliied  head,  sknll,  brain,  or  centralized  h 

1.  SKulMm       I.  Tube-hearted  } ,    j^rxn^i^^  i    a^^i^z^^za 

AeranU  Leptocardia      \  ^'  ^"^^^  1-  Amphioxid 

II.  Animals  Init^  skulls  (Onmiota)  and  with  centralt^eDr  hearts  (Faehjo 
Vertebrates  with  speoialised  head,  with  alcull  and  brain,  and  with 

centraliced  heart. 


Skutted  Animdtt. 


Clauet 

qftkt 

SkMXUd  Animalt. 


JStdhcUuMi 

qftke 

SkuUed  Aniwuda. 


SjfttewuUic  1 
qftMe 
SnihcUutt 


2.  i&inglr^ 

fLOStXlWtti 

Xonorhina 


3.   Xon* 
amntonatf 

Aiiamnla 


4.  9mnion« 
Animals 
Anmlota 


II.  Round  months 
CycloBtoma 

ni.  Fishes 
PUces 

IV.  Hud.fishos 
Dipneuata 

V.  Batraohians 
Amphibia 


2. 


1- 

i  8. 
f  9. 

10. 


VI.  Reptiles 
Eeptilia 


{ 


VII.  Birds 
Aves 


VIII.  Mammals 
Mammalia 


,11. 
12. 
13. 
14. 
15. 
16. 
17. 

la 

fl9. 

20. 
121. 
/22. 

23. 

24. 


Hags,  or 

Mucous  Fish 
Lampreys 

Primitive  Pish 
Ganoid  Fish 
Osseous  Fish 

Single-lunged 
Double-lunged 

Hailed    Batra- 

chians 
Naked    Batra- 

chians 

Lizards 

Snakes 

Crocodiles 

Tortoises 

Sea-dragons 

Dragons 

Flying  Reptiles 

B^tkedAnimals 

Long-tailed 

Fan.tailed 

Bush-tailed 

GloacalAnimals 
Pouched     Ani- 
mals 
Placental  Ani- 
mals 


2.  Hyperot 
(Myxinoit 

3.  Hyperos 
(Petromy 

4.  Selachii 

5.  Ganoidei 

6.  Teleoste 

7.Monopnei 

8.  Dipneun 

9.  Phractan 

10.  Lissamp 

11.  Lacertili 

12.  Opbidia 

13.  Crocodil 

14.  Chelonia 

15.  Halisaur 

16.  Dinosau] 

17.  Pterosai] 

18.  Anomodt 

19.  Saurura) 

20.  Carinata 

21.  Ratitra 

22.  Monotrei 

23.  Marsapii 

24.  Phicenta 


Jknousfidi 
Ttleo§Ui 


j 


laoidlUi 
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Pedigree  of  Vertebratee.    (Of.  Plate  XV.) 


8.  jwUuiitnsui 


Single-lmiged 
Monopn&mnoMS 


Doable-limged 
Dipnewnonet 


7.  Birds 
Avea 

6.  Reptiles 
Reptiiia 

I 


Hnd.fish 
Protopteri 


^mnton^ntmals 
Amniote 

6.  ISatracfrtsits 
AmpbiUa 


^ 


4.  irKuli'foi^ 
Dipnenita 


I 


Frimitiye  fishes    Selachii 
3.  Fishes    Pisces 

Doublf^^nostnllcli 
AmphirhixLa 


Lamprejs         Hags 
Petromyzontes  Myxinoidcs 

J— .—t 

2.  Round-months 
Cyloatoma 

I 


Seapsqniits 
AsciditB 


Seft-bftirels 
Thaliaeea 

I 


AantlfH  Animals 
TnaiMUa 


Stnglr^ostrtllrti    Monorhlna 
SkuIIfll^^nimals    Craniota 


1.  Tube-hearted 
Leptoca/rdia 

I 

&knMts% 

Acrania 

Fntebrates 

VertobraU 


L 


.^ 


Chordoma 


Worms 


J.'.  icj^'U-'-t  fr:*3i  vijvl  ~;  :iririnL3fL  T.  iLis  das 
t'jc  -^  ..«*._  SLiLHiLiiivr^  T'iL'r:  XIII  T.i&dsL  anc 
>  .  rur .".;".  tfir-:  iL^  ^zljlii-Tut  c  JJujnsL'Ur^  ill  Heptiles  , 
••-ti.'---  *Vr:»v  •i:J'>  lijI  T  'n-.-ifif^   irt-r-.   aj?*.'  caused 

v,:;-.'';Si:   rtrj'.t "r-r  aLre  ij:»rc  iH^rlT  iII5!.«.i  i-«  Birds 

//!'//<:  j^ ';&:]%•  alji^r-l  t'.»  ih"?  Dc'uVIrr^l'reathere  and  to  P 
fi^li':-. :  t?i'ry  are  al>'*  Ufjeli  ••IJvr  ilian  Ropule>. 
<:;iflv  a-  til';  Carb'jmf».-r»"jTi>  Peri'iJ  numerous  very 
«J<rv<;Joj/rwj  Amphibia  Vjirieof  lar^o  size]^  were  extant. 
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et  extant  Amphibians  have  a  smooth  and  slipperj- 

be  latter,  also,  are  on  an  average  siuootbor  than  the 

v\  must  be  regarded  as  their  stunted  j>osterity. 

png    the   Amphibia  of    the   present    time   we   are, 

■,  unable  to  find  any  forms  that  are  directly  referable 

ree  of  the  human  race,  or  that  are  to  bo  re- 

I  as  ancestors  of  the  throe  liigher  Veitebrate  classes  ; 

r  important  points  of  their  inteiTial  anatomical  atnic- 

and   especially  in  their  germ-development,  they  coi- 

11.1  so  closely  with  us,  that  we  are  Justified  in  affirming 

^otiiVeen  the  Double-breathe i-s  (Dipiieusta)  on  the  one 

.     and    the   threo  higher   Vertebrate  classes   (grouped 

■■\:<.-r  as  Amniota)  on  the  other,  there  exiateU  a  series  of 

lit  intermediate  forms  which,  if  we  had  them  before  us, 

h'iuld  class  among  Amphibia.     The  whole  organization 

iii>  extant  Amphibia  represents  a  transitional  group  of 

kind.     In  the  important  matters  of  respiration  and 

liatioQ  of  the  blood,  they  are  still  closely  allied  to  the 

'  le-breathers,  although  in  other  respects  they  rise  above 

atter.     This  is  especially  true  with  respect  to  the  ad- 

■  L-d  structure  of  their  limbs  or  extremities.    The  latter 

ii'ji'e  for  the  first  time  appear  as  feet  with  five  digits.     The 

thorough  i-esearches  of  Oegenbaur  liave  shown  that  the  fins 

if  Fif«hett,  concerning  which  very  erroneous  views  were  pre- 

I  !y  held,  are  feet  with  numerous  digits;  that  is  to  s&y, 

-I'vetal  cartilaginous  or  osseous  rays,  many  of  which  occur 

111  tvery  Fish-fin,  correspond  to  the  fingers  or  digits  on  the 

litnlHi  of  higher  Vertebrates.     The  several  joints  of  each  ray 

correspond  to  the  several  joints  of  each  digit.    In  the  Doublc- 

hc^athers  the  fin  yet  retains  the  same  structure  as  in  Fishes, 

and  it  wiw  only  gradually  that  the  five-toed  form  of  foot, 
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which  occurs  for  the  first  time  in  Amphibians,  was 
from  this  multi-digitate  form.  This  reduction  in  the  nn 
of  the  digits  from  ten  to  five  occurred  in  those  Dipn 
which  must  be  r^arded  as  the  parent-forms  of  the  Amp 
probably  as  early  as  the  latter  half  of  the  Devonian  Fei 
or,  at  latest,  in  the  immediately  subsequent  Carboni 
Period  Several  fossil  Amphibia  with  five  digits  have  a] 
been  found  in  the  strata  of  the  latter  period.  Fossi 
prints  of  the  same  animals  are  very  numerous  i 
Trias  {Clierothermn). 

The  great  significance  of  the  five  digits  depends  i 
fact  that  this  number  has  been  transmitted  froi 
Amphibia  to  aU  higher  Vertebrates.  It  would  be  imp 
to  discover  any  reason  why  in  the  lowest  Amphibia,  f 
as  in  Reptiles  and  in  higher  Vertebrates  up  to 
there  should  always  briginally  be  five  digits  on  each 
anterior  and  posterior  limbs,  if  we  denied  that  he 
from  a  common  five-fingered  parent-form  is  the  ei 
cause  of  this  phenomenon :  heredity  can  alone  accoi 
it.  In  many  Amphibia,  certainly,  as  well  as  in  many 
;  Vertebrates,  we  find  less  than  five  digits.  But  in  al 
cases  it  can  be  shown  that  separate  digits  have  retroj 
and  have  finally  been  completely  lost. 

The  causes  which  effected  the  development  of  th 
fingered  foot  of  the  higher  Vertebrates  in  this  Amp 
parent-form  from  the  many-fingered  foot,  must  certai 
found  in  the  adaptation  to  the  totally  altered  fui 
which  the  limbs  had  to  discharge  during  the  transitio 
an  exclusively  aquatic  life  to  one  which  was  pa 
terrestrial.  While  the  many-fingered  fins  of  the  Fif 
previously  served  almost  exclusively  to  propel  the 
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I  water,  they  had  now-  also  to  afford  support  to 

while    creeping    upoa  land.     This  effected  a 

t  both  of  the  skeleton  and  of  the  muscles  of 

The  number  of  fin  rays  was  gradually  lessened, 

Dally  reduced    to  five.      These   five   remaining 

Ihowever,  developed  more  vigorously.     The  soft 

nis   rays  became  bard   bones.     The   rest  of  the 

[go  became  considerably  more  firm.     The  movo- 

ftie  body  became  not  only  more  vigorous,  but 

Taried.     The  separate  portions  of  the  skeleton 

conseijuently  those  of  the  muscular  system  also, 

2  and  more  differentiated    Owing  to  the  intimate 

of  the  muscular  to  the  ner\'ous  system,  tlie  latter 

illy  made  marked  progress  in  point  of  function 

re.     \Vc  therefore  find  that  the  bmin  is  very 

developed    in   the   higher   Amphibia  than  in 

Uud-fishcs,  and  in  the  lower  Amphibia. 

gans  which  are  most  modified  in  consequence  of 

sous  mode  of  life  are,  as  we  have  already  seen  in 

e-broathcrs  (DipTiensIn),  those  of  respiration  and 

tculation   of    the   blood.     The    first   advance    in 

fa  necessitated  by  the  transition  from  aquatic  to 

^habits  of  life  was,  of  course,  the  formation  of  an 

bg  organ,  a  lung.    This  developed  directly  from 

ning-blad'ler  which  these  animals  had  inherited 

rishes.     At  first  the  function  of  this  organ  would 

ibordinatc  to  the  mote  ancient  organ,  used  for  the 

t   of  water,  the  gills.     Hence  we  find  that  the 

iphibia,  the  Gilled  Amphibia,  like  tlie  Dipneuata, 

greater  part  of  their  hves  in  the  water,  and  that 

y  they  breathe  water  through  gilK     It  is  onljT 
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for  brief  intervals  that  they  rise  to  the  surface  of  the  wate^ 
or  creep  out  of  the  water  on  to  the  land ;  and  at  these  timei^ 
they  breathe  air  through  lungs.  Some,  however,  of  ito 
Tailed  Amphibians,  the  Axolotl  and  the  Salamander,  live 
exclusively  in  the  water  only  when  young,  and  afterwaids 
usually  remain  on  land.  In  the  adult  state  they  breatihd 
only  air  through  lungs.  This  is  also  the  case  with  the  most 
highly  developed  Amphibians,  the  Frog-amphibia  (Frogs  and 
Toads) ;  some  of  the  latter  have  even  entirely  lost  the 
gilled  larval  form.^^  The  same  is  true  of  a  few  small 
snake-like  Amphibia^  the  Cfieciliae,  which,  like  earth-worms, 
live  in  the  ground. 

The  high  degree  of  interest  attached  to  the  natural 
history  of  the  Amphibian  class  is  especially  due  to  the  fact 
that  they  hold  a  position  exactly  intermediate  between  the 
higher  and  the  lower  Vertebratea  While  the  lower  Am- 
phibia are  in  their  whole  organization  directly  allied  to  the 
Dipneusta  and  the  Fishes,  living  mostly  in  the  water  and 
respiring  water  through  gills,  the  higher  Amphibia  are  no 
less  directly  related  to  the  Amnion  Animals,  for,  like  the 
latter,  they  live  mostly  on  land,  and  breathe  air  through 
lungs.  But  when  young  the  higher  forms  resemble  the  lower, 
and  only  attain  their  own  higher  degree  of  development 
after  imdergoing  complete  modification.  The  individual 
germ-history  of  most  higher  Amphibians  still  accurately 
reproduces  the  tribal  history  of  the  whole  class ;  and  the 
various  stages  of  modification  which  were  necessitated  in 
certain  low  Vertebrates  by  the  transition  from  aquatic  to 
terrestrial  habits  during  the  Devonian  or  Carboniferous 
Period,  are  still  to  be  seen  eveiy  spring  in  each  Frog  as  it 
develops  from  the  egg  in  our  ditches  and  pools. 
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!.ike  the  Tailed  SaJamanders  (Fig.  193),  each  common 
;  '-merges  from  the  egg  in  a  larval  form,  totally  different 
11  that  of  the  full-grm\-n  Frog  (Fig.   104).     The  short 


fto,  103- — Lart>  of  Spotted  Land-N^wt  (£<ii<iiiiaiiiii'a  mafttlata),  tvom 
ha  tcdUkI  aide.  In  Uto  Dontco  a  fc^lk-sno  yet  protrades  fram  tha  intestitie. 
'ba  wjUmal  ^lla  an  prettily  bmiEliEcl  and  tree-like.  The  two  pairs  of 
Biim  ars  j«t  verj  (dulII. 

fta.  194,— Lmts  of  tin  Common  Qrasa-Frog  (JE^uu  temptraria),  a  so- 
iIMMdpole:  m,  moiith;  ti.a  pairot  snc  lion  caps  aaud  in  clinging  to  atones; 
■kia-folJ,  wliluh  glrea  riao  to  tbo  gitl-ruoF  i  beliind  are  the  gill-openiDgs, 
an  wbioh  the  gUl  tmusbei  protrude ;  a,  tail-mnsolsB ;  /,  akin-told  of  tho 
M,  Cbmlng  a  float. 

-nnk  b  produced  into  a  lun^'  tail,  which  in  fuira  and  struc- 
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ture  resembles  the  tail  of  a  Fish  (s).  At  first  it  has  no 
limbs.  Respiration  is  accomplished  solely  by  gills,  which 
are  at  first  external  (k)  and  afterwards  internal  Corre- 
spondingly, the  heart  is  also  of  the  same  form  as  in  the 
Fishes,  and  consists  of  only  two  compartments — an  auricle, 
which  receives  the  venous  blood  of  the  body,  and  a  ven- 
tricle, which  drives  it  through  the  arteiial  bulb  into  the 
gills. 

Niunbers  of  these  fish-like  Frog  larvae,  or  "  tadpoles  "  as 
they  are  called,  swim  about  every  spring  in  all  ponds  and 
pools,  using  their  muscular  tails  for  propulsion,  just  as  is 
done   by  Fishes  and   larval    Ascidians.     The   remarkable 
transformation  of  the  fish-like  form  into  that  of  the  Frog 
<loes  not  take  place  till  after  the  tadpole  has  gi-own  to  a 
certain  size.     From  the  throat  grows  a  closed  sac  which 
develops  into  a  pair  of  large  sacs;    these  arc   the  lungs. 
Tlie  simple  chamber  of  the  heart  is  divided  into  two  auricles, 
owing  to  the  formation   of  a  partition  wall,  and  simul- 
taneously considerable  changes  of  structure  occur  in  the 
main  arterial  trunks.     Previously  all  the  blood  passed  from 
the  heart-chamber  through  the  aorta  arches  into  the  gills ; 
but  only  part  of  it  now  passes  to  the  gills,  while  another 
part  passes  through  the  newly  formed  lung  arteries  into  the 
lungs.     From  the  lungs  arterial  blood  returns  into  the  left 
auricle  of  the  heart,  while  the  venous  blood  of  the  bodv 
collects  in  the  right  auricle.     As  both  of  the  auricles  open 
into  the  simple  ventricle,  the  latter  contains  mixed  bloocl. 
The  fish-like  form  has  now  passed  into  the  Dipneusta  fonn. 
During  the  further  course  of  modification  the  gills,  with 
the  gill- vessels,  are  entirely  lost,  and  respiration  is  now  per- 
formed by  the  lungs  alone.    Yet  later,  the  long  tail  is  also 
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eled.  and  the  Frog  now  leaps  about  on  the  land  on  legs 
idi  have  sprouted  in  the  mean  time."" 
Tbis  remarkabltt  metamorphosis  of  the  higher  Amphihiu 
rery  inatmctivc  in  its  bearing  on  Slan's  ancestml  history, 
A  is    especially  interesting  owing  to  the  fact  that  thL- 
Tious  groups  of  extant  Amphibia  have  lemained  stationary 
various  stages  of  their  tribal  history,  which,  in  accord- 
in   with  the  fundamental  law  of  Biogeny,  are  reproduced 
i-i  genn-hiatory.     First,  there  is  a  very  low  order  of 
I ibia, the  Gilted  Batraehians  {Sozolrrancliia),  which,  like 
-.  retaia   their  gills  throughout  life.     To   this  order 
_-,  among  others,  the  well-known  blind  "  Olm  "  of  the 
-'("■rg  Cave  (ProteuH  a-nguineus),  the  Mud-eel  of  South 
^AToltna  (Siren  laan-tina),  and  the  Axolotl  of  Mexico  {Sire- 
Im  piaci/ortilis;   Plato    XII  I.  Fig.    1).     All   theso   GiUe.l 
Wmclii&oa  si's  fish-Uke  animals  with   long  tails,  and  in 
r  iif  respiratory  organs  and  of  circulation  of  the  blood 
icmain   throughout  life  stationai-y  at  the  Dipneusta 
■lagf,     Tliey  possess  both  gilis  and  lungs,  and  can  eitlier 
Mpire  wat«r  through  the  gills  or  air  through  the  limgs,  as 
Mosion  require**.     In  another  order,  the  Salamanders,  the 
;ire  lost  during  metamorphosis,  and  in  the  adult  state  air 
LH  breathed  thi-ough  lungs.     This  order  bears  the  name 
1  ;iiled  Uatravhians  {Sosura)  because  they  retain  the  tail 
Uifbugbont  life.     To  this  order  belong  the  common  Water- 
Newts  {Triton)   which    swarm    in  all   ponds   during    the 
Bmnmcr,  ftnd  the  black,  ycUow-speckled  Land-Salamanders 
{SaiamaHdra)  found  in  damp  woods  (Plate  XIII.  Fig.  2). 
Tlie  latter  are  among  the  most  remarkable  of  our  Indigenous 
aniouLi,  sundry  anatomical  characters  pronng  them  to  be 
very  ancient  and    highly  conservative   Vcrtehrates.'"     A 


130  THE  EVOLUnOK  OF  ICAK. 

few  Tailed  Batxuchians  retain  the  g^ll-opening  in  the 
of  the  neck,  thougli  the  gills  themselves  are  lost  {Mt 
jwmd).  If  the  larvie  of  the  Salamanders  (Fig.  193) 
Tritons  are  compelled  to  remain  in  water,  and  not  allc 
to  get  on  land,  they  may,  under  fekvourable  conditions,  ti 
made  to  retain  their  gills.  In  this  fish-like  condition  thtr 
become  sexually  mature,  and  will  throughout  life  renui 
compulsorily  in  the  lower  stage  of  development  of  D 
Gilled  Batrachians.  The  opposite  experiment  was  vom 
some  years  ago  in  the  case  of  the  Mexican  Gilled  Batr 
chian,  the  fish-like  Axolotl  (Siredon  pisdforrais;  Fb 
XIII.  Fig.  1).  This  animal  had  previously  been  r^ard 
as  a  permanent  Gilled  Batrachian,  remaining  througho 
life  in  this  fish-like  condition  But  of  the  hundreds 
these  animals  kept  in  the  Jardin  des  Plantes  at  Paris,  a  f( 
individuals,  for  some  imknown  reason,  crept  to  land,  1( 
their  gills,  and  changed  into  a  form  closely  allied  to  that 
the  Salamander  (Airiblystoma,  Fig.  2).  In  this  state  th 
became  sexually  mature.^®  This  phenomenon,  which 
first  excited  a  lively  interest,  has  since  been  repeated 
observed  with  care.  Zoologists  regarded  the  fact  as  son: 
thing  peculiarly  wonderful,  though  each  spring  eve 
common  Frog  and  Salamander  passes  through  the  sai 
modification.  In  these  animals  we  can  in  the  same  Wi 
follow  each  step  in  the  significant  metamorphosis  of  t 
aquatic  and  gill-i^espiring  animal  into  the  terrestrial  ai 
lung-respiring  animal.  That  which  thus  takes  place  in  t 
individual  during  germ-evolution,  took  place^  in  the  sai 
way  in  the  whole  class  during  the  course  of  its  tril 
histoty. 

The  metamorphosis  which  takes  place  in  the  third  oiy] 
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ibia,  the  Frog  Bati'acliians  (Bai/rachia,  or  jlmtj-a] 
!  complete  than  in  the  Salamanders.  To  thcstt 
^ill  fJiG  various  Idnils  of  Toadg,  Water-frogs,  Tree- 
*tc.  In  the  course  of  transformation  these  lose  not 
(ho  gills,  but  aL^o  tiic  tail,  which  drops  off  in  some 
tJicr,  in  others  later.  In  this  respect  the  various 
r  somewhat  from  ono  another.  In  most  Frog 
the  \anvD  drop  the  tail  very  early,  and  the 
v-like  fonn  suhsequently  grows  considerably 
Jier  species,  on  the  contrary,  as,  for  instance,  the 
nradoxui*  of  Brazil,  as  also  an  European  Toad  {Pelo- 
w)  remain  for  a  vory  long  time  in  the  fish  form, 
atain  a  lengthy  tail  till  they  have  almost  attained 
hence,  after  then-  metamorphosis  is  com- 
ity appear  much  smaller  than  Ix'furc.  The  opposite 
(is  aeen  in  some  Frogs  Imt  lecently  brought  under 
3)ich  have  lost  the  whole  of  their  historic  meto- 
I,  and  in  which  no  tailed  and  gillcd  larva  emergeA' 
I  e^,  but  the  pert'ect  Frog,  without  tail  or  gilla 
K)g8  inhabit  isolaterl  oceanic  islands,  the  climate 
is  very  (by,  and  which  ai-o  often  for  a  con- 
1  length  of  time  without  fresh  water.  As  fresh 
is  indi»p('tu'«ablc  for  gill -ii -spiring  tadpoles,  these  Frogs 
bdspted  themselves  to  this  local  deficiency  and  have 
^Lrelinqoished    their   original    metamorphosis,  e.g„ 

renctic  Io»is  of  gills  and  tail  in  Frogs  and  Toads 

5  only  he  phylogenetically  explained  as  owing 

;  that  these  animals  have  descended  from  long- 

inder-like  Amphibians.     This  is   also   provi 
nbt  hy  the  Com)if.i'ativc  Anatomy  of  the  tw< 


I 
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development  of  the  human  embryo ;  all  the  many 
ties  in  the  development  of  the    oi^ns   which  we 
presently  notice  in  detail;  and,  finally,  the  chief 
arrangements  of  the  internal  structure  of  the  body  in: 
fully  developed  Amnion  Aiiimals;  all  these  so  clearly  < 
.strate  the  common  origin  of  all  Amnion  Animals  bam' 
single  extinct  parent-form,  that  it  is  impossible  to 
their  origin  as  polyphyletiQ,  and  that  they  originated 
several  independent  parent-forms.    This  unknown  coi 
parent-form  is   the  Primitive  Amnion   Animal  {Pi 
ni(m).    In  external  appearance  the  Protamnion  was 
probably  an  intermediate  form  between  the  Salamandal^ 
and  the  Lizards. 

It  was  probably  during  the  Permian  Period  that  ibD 
Protamnion  originated ;  perhaps  at  the  beginning,  perhaps 
at  the  dose  of  that  period.  This  we  know  fix>m  the  &d 
that  the  Amphibia  did  not  attain  their  full  development  till 
the  Carboniferous  Period,  and  that  toward  the  dose  of  the 
Permian  the  first  fossil  Reptiles  make  their  appearance^ 
or,  at  least,  fossils  (Proteroaaii^nis,  Rhopalodon)  which  must 
in  all  probability  be  referred  to  lizaixl-like  Reptiles.  Among 
the  great  and  pregnant  modifications  of  the  vertebrate 
organization  determined  during  this  period  by  the  devdop- 
ment  of  the  first  Amnion  Animals  from  salamander-like 
Amphibians,  the  three  following. are  especially  important : 
the  total  loss  of  water-breathing  gills  and  modification  of 
the  gill-arches  into  other  oi^ans;  the  formation  of  the 
allantois,  or  primitive  lurinaiy  sac ;  and,  finally,  the  devdop- 
ment  of  the  amnion. 

The  total  loss  of  the  respiratory  gills,  must  be  r^;arded 
as  one  of  the  most  prominent  characters  of  all  Amnion 
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All  these,  even  such  as  live  in  the  water,  e.g., 

rcspiie  only  air  through  luuga,  nevur  water  through 

While  all  Amphihians,  with  veiy  few  exceptions,  in. 

yooitg  state  retain  their  gills  fur  a  longer  or  shorter 

1,  and  breathe  through  gills  for  some   time   (if  not 

lys),  liom   tliia   point   gill- respiration    entirely  ceaaes. 

the  Protamnion  must  h&vc  entirely  ceased  to  breathe 

The   gill-arches,    however,    i-emaiu,   and    develop 

into  very  different  organs  (partly  rudimentaiy) ;  into  the 

various  parts  of  the  tongue-bone,  into  certain  portions  of  the 

nr  apparatus,  the  organ  of  hearing,  etc.     But  no  trace  of 

■leaves,  of  real  respiratory  organs  on  the  gill-arclies,  are 

found  in  the  embryo  of  Amnion  Animals. 
With  this  total  loss  of  the  gills  is  prabably  connected 
Jie  formation  of  another  oigan,  which  we  have  already 
!■  scribed  as  occurring  in  human  Ontogeny ;  this  is  the 
illantois,  or  primitive  urinary  sac.  (See  vol  i.  p.  379.)  In 
.11  proljftbility  the  urinary  bladJtr  of  tho  Dipneusta  is  to  be 
i-i^arded  as  the  fii'st  beginning  of  the  allantois.  Even  in 
American  Mud-fish  (Lepidosii-en)  we  find  an  urinary 
ler,  which  grows  from  the  lower  wall  of  tlie  pcsteriof 
,ty  of  the  intestine,  and  serves  as  a  receptacle  for 
.liu  ronal  secretions.  This  organ  has  been  inherited  by  the 
\mphibia,  as  may  be  seen  in  any  Frog.  But  it  is  only  in 
the  thrcp  higher  Vertebrate  classes  tlmt  the  allantois  attains 
11  special  development ;  in  these  it  protrudes  at  an  early, 
period  from  the  body  of  the  embiyo,  forming  a  large  sao 
tilled  with  liquid,  and  traversed  by  a  considerable  number 
>if  laigo  blood-vessels.  Tins  aac  also  discharges  a  portion  of 
(ho  DDtntive  functions.  In  the  higher  Mammals  and  in 
the  allantoiit  afterwaids  forms  the  placenta. 
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Tlio  formation  of  the  amnion  and  the  allantois,  toget 
with  the  total  loss  of  the  gills  and  the  exclusive  adoptioftj 
of  lung-respiration,  are  the  most  important  characters 
which  all  Amnion  Animals  are  distinguished  firom  the 
Vertebrates  which  we  have  been  considering.    In 
to  these  there  are  a  few  subordinate  characters  whidi 
constantly  inherited  by  Amnion  Animals,  and  are  altogeHiS ^ 
wanting  in  animals  without  an  amnion.    One  striking  em- 
bryonic character  of  the  Amnion  Animals  is  the  great  camr 
ture  of  the  head  and  neck  of  the  embryo.    In  the  Anamnii 
the  embryo  is  from  the  first  either  nearly  straight,  or  ebe 
the  whole  body  is  bent  in  a  sickle-shaped  curve  ocHie* 
sponding  to  the  curvature  of  the  yelk  sac,  to  which  the 
embryo  is  attached  by  its  ventral  surface ;   but  there  are 
no  marked   angles   in  the   longitudinal   axis  (Plate  VI 
Fig.  jP).    In  all  Amnion  Animals,  on  the  contrary,  tbe 
body  is  very  noticeably  bent  at  an  early  age,  so  that  the 
back  of  the  embryo  is  much  arched  outwards,  the  head 
pressed  almost  at  right  angles  against  the  breast,  and  the 
tail  inclined  on  to  the  abdomen.    The  tail  extremity,  as  it 
bends  inwards,  approaches  so  near  to  the  frontal  side  of 
the  head,  that  the  two  often  nearly  touch  (Plates  VL  and 
VII.).     This  striking  triple  curvature  of  the  embryonic 
body,  which  has  already  been  considered  when  we  studied 
the  Ontogeny  of  Man,  and  in  which  we  distinguished  the 
skull-curve,  neck-curve,  and  tail-curve  (voL  L  p.  871),  is  a 
characteristic  peculiarity  common  to  the  embryos  of  all 
Reptiles,  Birds,  and  Mammala    But  in  the  formation  of  many 
internal  organs  also,  an  advance  is  obeervable  in  all  tlie 
Amnion  Animals  which  ranks  them  above  the  highest  of 
the  non-amnionate  fprma    Above  all,  a  partition  wall  forms 
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in  the  simple  ventrtclu  of  the  heart,  dividing  it  into  afl 
and  a  left  ventricle.     In  connection  with  the  complctofl 
tnorpbosis  of  the  gill-arches,  a  further  development  afl 
rgan  of  hearing  takes  place.     A  considerable  advancttl 
J  noticcaljle  in  the  development  of  the  bi-ain,  the  ukeloifl 
he   moscular  system,  and  other  parts.     Finally,  thin 
s^^ction  of  the  kidneys  must  he  regarded  as  a  mosti 
■tant  modification.    In  all  the  lower  Vertebrates  as  yet 
lered,  we  have  found  the  primitive  kidneys,   -which 
J  very  cai'ly  in  tlie  embryos  of  all  higher  Vertebrates 
Man,  acting  as  a  secretory  or  urinary  apparatus.     la  J 
on  Animals,  however,  these  early  primitive  kidneys.! 
heir  function  at  an  early  period  of  embiyonic  life,  audfl 
issumcd  by  the  permanent  "  seeondai-y  kidneys,"  whicttfl 
out  of  the  t<^rminal  portion  of  the  primitive  kidneyl 

ix)king  back  at  the  whole  uf  these  characters  of  Amnionfl 
isls.  it  is  impossible  to  doubt  that  all  animals  of  this  f 
t.  all   Reptiles,  Birds,  and   Mammals,  had  a  common 
1,  and   constitute   a  single  main  division  of  kindred 
,.     To  this  division   belongs  our  own   race.     In   his  , 
I  organization  and  germ-history  Man  is  a  true  Amnion! 
lal,   and,    in  common    witlt    all   other  Amniota,   has  m 
rtded  from    the    Protamnion.     Although    this    whole 
I  originated  at  the  end,  or  perhaps  even  in  the  middle, 
10   Palopozoic   Epoch,   it  did   not  attain   its  full  dc- 
UKOt  and  its  full  peifection  till  the  Mcsozoic  Epoch, 
wo  elasscB  of  Birds  and  Mammals  then  first  appeared. 
ad  tie   Reptilian  class   develop   in   its  full   variety 
iheMvsozoic  Ej>och,  wliich  is,  therefore,  called  the  "Agea 
ptiltis."    The  unknown  and  extinct  Protamnion^  tbol 
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parcni-form  of  the  entire  group,  must  have  been  very  m 
allied  to  the  Reptiles  in  its  whole  organization,  even  ih< 
it  cannot  be  r^[arded  as  a  true  Reptile  in  the  pit 
meaning  of  the  term.  Of  all  known  Reptiles,  certain  Li 
are  most  nearly  allied  to  the  Protamnion;  and  io 
outward  form  of  its  body  we  may  imagine  the  latt 
an  intermediate  form  between  the  Salamander  anc 
Lizard."* 

The  Comparative  Anatomy  and  Ontogeny  of  the 
nionate  group  clearly  explains  its  genealogy.  The  ( 
which  directly  descended  from  Protamnion  gave  rise  t< 
divergent  branches.  The  first  of  these,  which  will  in  f 
receive  our  whole  attention,  forms  the  Mammalian  g 
The  other  branch,  which  assumed  an  entirely  different  c 
of  progressive  development,  and  which  is  connected 
the  mammalian  branch  only  as  the  root,  is  the  eoi 
liensivo  group  constituted  by  Reptiles  and  Birds.  Th( 
latter  forms  may  be  classed  together  as  Monoconchjl 
Sauropsides.  The  common  parent-form  of  these  i 
extinct  lizard-like  Reptile.  From  this,  the  Serpents,  C 
diles,  Tortoises,  Dragons,  etc. — ^in  short,  all  the  various  i 
of  the  Reptilian  group — developed  in  different  direc 
The  remarkable  group  formed  by  the  Birds  also  deve 
directly  from  an  ofishoot  of  the  Reptilian  greup,  as  is 
definitely  proved.  Down  to  a  late  time  the  embry 
Reptiles  and  of  Birds  are  yet  identical,  and  even  later 
are  in  some  respects  surprisingly  similar.  (See  Plate  VI 
T  and  C.)  In  their  entire  organization  the  resemb 
between  the  two  is  so  great  that  no  anatomist  now  6 
that  the  Birds  originated  from  Reptiles.  The  Mamm 
line  is  connected  at  its  roots  with  the  Reptilian  line 
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jds  diveiged  entirelj  from  the  latter,  and  developed 
utirely  peculiar  direction.  The  highest  result  of  the 
ment  of  the  Mammalian  line  is  Man,  the  so-called 
I  of  Creation." 


CHAPTER  Xli 

THE  PEDIGREE  OF  MAN. 

IV.   FuoM  THE  Frimitiyb  Mamhal  to  thb  Apk. 

The  IffaTnTnalian  Character  of  Man. — Common  Desoent  of  all  Mammab  i 
from  a  Single  Parent-form  (Promammalian). — Bifurcation  of  the  Am- ' 
nion  Awitnftla  into  Two  Kain  Lines :  on  the  one  side,  Beptiles  and  Biidt, 
on  the  other.  Mammals. — Date  of  the  Origin  of  Mammals :  the  Tmi 
Period. — ^The  Three  Main  Groups  or  Sab-classes  of  Mammals:  their 
Genealogical  Belations. — Sixteenth  Ancestral  Stage:  Cloacal  Animftlt 
{Monoirematfi,  or  Omithodelphia), — ^The  Extinct  Primitive  MammalB 
{Pronuunmalia)  and  the  Extant  Beaked  Animals  (Omiihostoma).— 
Seyenteenth  Ancestral  Stage :  Poached  Animals  (MaraupidUa,  or  Didd' 
pkia), — Extinct  and  Extant  Poached  Animals. — Their  Intermediate 
Position  between  Monotrcmes  and  Placental  Animals. — Origin  and 
Stractore  of  Placental  Animals  (Placentdlid,  or  M<modelphia), — Formt^ 
tion  of  the  Placenta. — ^The  Decidaoas  Embryonic  Membrane  (Deddua). 
— Group  of  the  Indeeidua  and  of  the  Deeiduata. — ^The  Formation  of  the 
Decidua  (vem,  seroftno,  reflexa)  in  Man  and  in  Apes. — Eighteenth 
Stage :  Semi-apes  (Pronmtce). — ^Nineteenth  Stage :  Tailed  Apes  (Mme- 
eerca). — ^Twentieth  Stage  :  Man-like  Apes  (Anthropoidea). — Spoeohlen 
and  Speaking  Men  {Mali.  Homines), 

**  A  century  of  anatomical  research  brings  us  back  to  the  conclusion  of 
Linnesus,  the  great  lawgiver  of  systematic  zoology,  that  man  is  a  member 
of  the  same  order  as  the  apes  and  lemurs.  Perhaps  no  order  of  twA-mmala 
presents  us  with  so  extraordinary  a  series  of  gradations  as  this,  leading  ni 
insensibly  from  the  crown  and  summit  of  the  animal  creation  down  to 
creatures  from  which  there  is  but  a  step^  as  it  seems,  to  the  lowest,  »tn%ll<H*) 
and  least  intelligent  of  the  placental  mammalia.    It  is  as  if  nature  hersdJ 
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ImeMni  tbo  Birogftnce  nf  nun,  and  ttitli  Roman  gctovitf  tuu 
1  bii  intallect,  by  its  very  trinmphs,  should  call  into  pruaiii 
n,aituGntuluDg  the  conqaeroT  that  lie  ia  but  dnat." — TsoHAi  ... 

(UBS). 

Jmoxo   those   zoological  facts   which   aSbrd   us   points  of 

mppitrt  in  researches  into  tho  ])edigree  of  the  human  racf, 

(be  position  of  Man  in  the  Mammalian  clas-s  is  one  of  thi' 

'"'Ht  important  and  fundamental.     Much  as  zoologists  have 

_'  ilisagreed  in  their  opinions  aa  to  Man's  particular  plao- 

il.-.  class,  and  especially  in  their  ideas  of  his  relation  tn 

uie  most  nearly  related  group,  that  of   the  Apes,  yet  m. 

Qataralist  has  ever  doubted  that  Man  ia  a  genuine  Mammal 

•a  the  whole  structure  and  development  of  his  body.   Everi 

Anatomical  museum, every  manual  of  Comparative  Anatomy, 

ftflbtds  proof  that  the  structure  of  the  human  body  sharci 

iill  those  peculiai-ittes  n'hich  are  common  to  all  Mammals. 

^•y  which  the  latter  are  definitely  distinguished  from  all 

:  aniraoL<. 

^'uw,  if  we  examine  this  established  anatomical  fact 
.  ^I'nL-Ucally,  and  in  the  light  of  the  Theory  of  Descent, 
nrrivc  immediately  at  the  conclusion  that  Man  is  of  a 
(•Jiniuon  atock  with  all  the  other  Mammals,  and  springs 
Gram  a  root  common  to  them.  The  various  cliaractoristics 
in  whicli  all  Mammcis  coindde,  and  in  which  they  diifei 
bom  ail  other  animals,  are,  moreover,  of  such  a  kind,  that  a 
polypfaylettc  hypothesis  appears  in  a  special  degree  inad- 
mlttible  in  their  case.  It  is  inconceivable  that  all  existing' 
uul  extinct  Mammals  have  sprung  from  several  different 
lOii  urigioolly  separate  root-forms.  Wo  are  compelled,  if 
■^  any  way  acknowledge  the  Theory  of  Evolution,  iu 
^^■tC   tho   monophylctic  hypothesis,  that   all   Mamraalfr. 
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includiog  Man,  must  be  traced  from  a  single  common  tnani' 
malian  parcat-fonn.  This  long  extinct  primfeval  root-foim 
and  its  imincdiato  descendants — ^which  differ  firom.  eacb 
other  hai'dly  more  than  do  several  species  of  one  genus — -vn 
mil  call  Piimitivc  MflTnnmla  (PromaminaUa).  As  we  liave 
already  seen,  this  root-form  developed  from  the  ancient 
parent-foim  of  the  Piimitive  Amnion  Animals  in  a  direction 
wholly  different  from  that  followed  by  the  iReptile  groapi 
which  ailerwaifis  gave  rise  to  the  more  highly  developed 
class  of  Birdn.  The  differences  which  distinguish  MammaU 
on  the  one  side,  from  Reptiles  and  Birds  on  the  other,  are  so 
impoiiant  and  characteristic,  that  we  may  quite  safely  as- 
sume a  bifurcation  of  this  kind  in  the  vertebrate  family  tre6 
Reptiles  and  Biixls — which  we  classed  together  as  J/cmooon* 
<hflii(,  or  Saurop^da — coincide  entirely,  for  instance,  in  the 
chai-acteristic  structure  of  the  skull  and  brain,  which  a 
strikingly  dissimilar  from  that  of  the  same  parts  in  Hiain- 
mals.  In  Reptiles  and  Birda,  the  skull  is  connected  with  &o 
Urst  cervical  vcitebra  (the  atlas)  by  a  single  joint-proceaa 
(condyle)  of  the  occipital  bone ;  in  Mammals,  on  the  con- 
traiy  (as  in  Amphibians),  the  condyle  is  double.  In  the 
fonnei',  the  under  jaw  is  composed  of  many  parts,  and  is 
connected  with  the  skull  by  a  pectdiar  bone  of  the  jaw 
(the  square  bone)  so  as  to  be  movable ;  in  the  latter,  on  the 
contrary,  the  lower  jaw  consists  of  but  two  bone-pieces, 
which  are  dii'cctly  attached  to  the  temporal  bone.  Agtun, 
the  skin  of  the  Sauropsida  (Reptiles  and  Birds)  is  covered 
with  scales  or  feathers,  that  of  the  MBmrn^lii  with  hair 
The  red  blood-cells  of  the  former  are  nucleated,  those  of  tht 
latter  non-nudfeatedL  The  e^s  of  the  former  are  verj 
large,  are  provided  with  a  large  nutritive  yelk,  and  undergi 
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i'lal  cleavage  resulting  in  a  Disc-ga»trula ;  the  oggs  of 

latter  aro  very  small,  and  their  unequal  cleavage  reaiilts 

■';  ■  formation  of  a  Hooirl-gaatrula.     Finally,  two  chai-ac- 

intircly  peculiar  to   Mammals,  and   by  whiish   these 

ii'itinguiabcd  both  from  Birds  and  Reptiles  and  fi-om  all 

:   animals,  are  the  presence  of  a  complete  diapln-agm, 

■t'  the  milk-glands  (mamitu^),  by  means  of  wliJch  thf 

U^m  young  are  nourished  by  the  milk  of  the  motlier. 

■^nly  in  Mammals  that  the  diaphragm  forma  a  transvci-so 

'  tion-wall  acioss  the  body-cavity  {aeloTna),  completely 

-iiing  the  chest  from  tiie  ventral  cavity,    (Cf.  Plate  V. 

IG  s.)     It  is  only  among  Mammals  that  the  mother 

'  i  -lies  the  young  with  her  milk ;  and  the  whole  claas  aiv 

.lamed  from  thix. 

!  iieiw   important  facta   in  Comparative  Anatomy  and 

i_;eny  clearly  show  that  the  tribe  of  Amnion  Animals 

iota)  bifurcated  from  the  very  first   into  two   mabi 

i„'ing  lines;   on  the  ono  side,  the  Reptilian  line,  from 

!i  the  Birds  afterwards  developed;  on  the  other  Hide. 

Mammalian  line,     The  same  facts  also  prove  as  indii- 

iily  that  Man  originated  from  the  latter  line.     For  Man. 

ia  common  with  Mammals,  shares  all  the  characteristics  wc 

have   mentioned,  and  is  diKtinguished  by  them  fi-om  all 

rtJer  aninmls.    And,  finally,  these  facta  indicate  as  certainly 

tfaoee  ftdvances  in  vertebrate  structure  by  which  one  bi'anch 

iflhs  Primitive  Amnion  Animal»  developed  into  the  parent- 

(MtD  of  Mammals.     The  most  prominent  of  these  advances 

wre  (1)  the  characteristic  modification  of  the   skull  and 

cun;  (2)tlie  formation  of  a  covering  of  hair;  (3)  the  coni- 

]«te  development  of  the  diaphragm ;  and  (4)  tlie  formation 

f  Uu  miik-gland!)  and  the  adaptation  to  the  suckling  of 
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the  young.    Intimately  connected  with  these^  other 
})ortant  structural  modifications  gradually  occurred* 

The  period  at  which  these  important  advances,  wl 
laid  the  first  foundation  of  the  Mammalian  class,  took  p] 
may  most  probably  be  placed  in  the  first  part  of 
Mesolithic,  or  Secondary  Epoch,  in  the  Triassic  Pei 
For  the  oldest  known  fossil  remains  of  Mammals,  occu 
sedimentary  rock-strata  of  the  most  recent  deposits  of 
Triassic  Period,  in  the  upper  Keuper.  It  is  possi 
indeed,  that  the  parent-forms  of  Mammals  may  h 
appeared  earlier  (perhaps  even  at  the  close  of  the  Pal 
lithic  Epoch,  in  the  Permian  Period).  But  no  fossil  remi 
of  Mammals  belonging  to  that  period  are  as  yet  kno 
Throughout  the  Mesolithic  Epoch,  throughout  the  Triai 
Jurassic,  and  Calcareous  Periods,  fossil  remains  of  Mamu 
are  very  scarce,  and  indicate  a  very  limited  developit 
of  the  whole  clasa  During  this  Mesolithic  Epoch,  Repl 
play  the  chief  part,  and  Mammals  are  of  quite  second 
importance.  It  is,  however,  especially  significant 
interesting,  that  all  mammalian  fossil  remains  of 
Mesozoic  Epoch  belong  to  the  older  and  inferior  divii 
of  Pouched  Animals  (Maraupialia),  a  few  probably  e 
to  the  yet  older  division  of  the  Cloacal  Animals  {Mt 
irema).  Among  them,  no  traces  of  the  third  and  i 
highly  developed  division  of  the  Mammals,  the  Place 
Animals,  have  as  yet  been  found.  The  last,  to  which  ] 
belongs,  are  much  more  recent,  and  their  fossil  remains 
not  occur  till  much  later — in  the  succeeding  Csenoli 
Epoch;  in  the  Tertiary  Period.  This  palseontological 
is  very  significant,  because  it  harmonises  perfectly  ^ 
that  order  of  the  development  of  Mammals  which  is 
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ittekaLly  indicatL'il  by  Comparativo  Anatomy  anil  Oak)- 
•y. 

Thesis  show  Lliat  the  whole  Mauinialian  cla^s  in  divisible 
to  ihreii  main  groups,  or  Kiib-clasaes,  con-eaiMmiling  to 
Wc  successive  stages  of  phylogenetic  evolution.  Theae 
ree  stages,  which  consequently  represent  three  important 
eertral  etagcs  in  the  human  pedigree,  were  first  dis- 
jgnuhod  in  the  year  ISlli  liy  the  celebrated  French 
ilogisfc,  Blainville,  whc)  named  them,  according  to  the 
Kn«iit  structure  of  the  female  organs  of  reproduction, 
mthotfHphia ,  Didftpkia,  and  Monodi'lphia  (&X^irc, 
idi,  being  interpreted,  is  uki-u.»).  It  is  not,  however, 
y  in  the  varied  structure  of  the  sexual  organs  that  these 
ee  ctasaes  difTer  from  one  another,  but  in  many  other 
peetR  alsL),  so  that  we  can  safely  maintain  the  important 
[Oogenetic  stfttenivnt:  The  MoTiodelphia,  or  Placental 
nnals.  Lave  descemled  from  tlie  Didrlpitia,  or  Pouched 
imabi;  and  the  latter,  again,  have  descended  from  the 
ACftl  Animals,  or  OrniUiodclphia, 

Acooftlingly  we  have  now  to  consider,  as  the  sixteenth 
sestr*!  Bt^e  in  the  human  pedigree,  the  oldest  and  lowest 
Id  group  of  Mammals;  the  sub-elasa  of  the  Cloacal 
imalB  {Monotremata,  or  Ornithodclphid).  They  are  so 
ned  in  consequence  of  the  cloaca,  which  they  have  in 
imon  with  the  other  lower  Vertebrates.  This  so-called 
Hk  is  the  common  excrotorj*  channel  for  the  excrement, 
orine,  and  the  sexual  products  (Fig.  327).  For,  in 
w  Cloacal  Animals,  the  urinarj-  duct  and  the  sexual 
alit  yet  open  into  the  posterior  part-s  of  the  intestine, 
He  ID  all  other  Mammals  they  are  wholly  separated  from 

r«etano  and  anus,  and  open  by  a  special  orifice  (porua 
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•arogenitaliii).  The  urinary  bladder  in  the  Monoiremes  ala 
opens  into  the  cloaca,  and  is  separate  firom  the  two  minai] 
flucts  (Fig.  327,  ro) ;  in  all  other  Mammals  the  latter  opei 
directly  into  the  urinary  bladder.  The  structure  of  thi 
milk-glands,  by  means  of  which  all  MRnrnutlfl  suckle  thai: 
new-bom  young  for  a  time,  is  also  quite  peculiar  ii 
the  Cloacal  Animals,  In  them  the  milk-gland  has  ni 
nipple  which  the  young  animal  can  suck ;  there  is  onlj 
a  peculiar  sieve-like  place  in  the  skin,  perforated  with 
holes  through  which  the  milk  passes  out^  and  from  whid 
the  young  animal  has  to  lick  it.  For  this  reason  tbey 
have  also  been  called  Nipple-less  Mammals  {ATaadd^ 
Again,  the  brain  of  the  Cloacal  Animals  has  remained  at  a 
much  lower  stage  of  development  than  that  of  any  other 
Mammal  The  fore-brain,  or  cerebrum,  is  so  small  that 
it  does  not  overhang  the  hind-brain,  or  cerebellum.  In  the 
skeleton  (Fig.  196),  the  structure  of  the  shoulder  girdle,  M 
well  as  of  other  parts,  is  remarkable,  differing  entirely  from 
the  same  part  in  other  Mammals,  and  resembling  ratbei 
those  of  the  lower  Vertebrates,  especially  Reptiles  and 
Amphibians.  Like  the  latter,  the  Cloacal  Animals  have  a 
well-developed  coracoid  bone  {coracoidewni),  a  strong  bone 
uniting  the  shoulder-blade  with  the  breast-bone.  In  all 
otlier  Mammals  the  coracoid  bone  (as  in  Man)  has  degene 
rated,  has  coalesced  with  the  shoulder-blade,  and  appears 
only  as  an  insignificant  process  of  the  latter.  These  an( 
many  other  less  striking  peculiarities  prove  beyond  doub 
that  the  Cloacal  Animals  occupy  the  lowest  rank  amonj 
Mammals,  and  represent  a  direct  intermediate  form  betweei 
the  Protamnia  and  other  Mammals.  All  these  marked  Am 
}>hibian  characters  must  have  been  present  in  the  paren 
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jf   the   wliole   vertebrate    class,   in    the    PrimitiiJ 

niii],  by  wliich  they  must  have  been  inherited  frg 
Primitive  Amnion  Animals. 

Daring  the  Trituisic  and  .Jiu-asaic  Periods,  the  sub-clS 
'!■-  C'loacal  Animals  seems  to  have  been  represented  1 
! 'liraitive  Mammals  of  very  varied  form.  At  present 
I  presented  only  by  two  isolated  members,  which 
^Tijuped  together  as  the  Beaked  Animal  family  (Omi-  ' 
t4»na).  Both  of  these  are  confined  to  Australia  and  the 
jhbouring  island  of  Van  Diemen's  Land,  or  Tasmania  ; 
h  are  becoming  leas  numerous  year  by  year,  and  will 
X  be  classed,  with  all  their  blood  relations,  among  the 
inct  animals  of  our  globe.  One  of  these  forms  passes 
life  swimming  about  in  rivers,  and  buHds  subterranean 
aUings  on  the  banks:  this  is  the  well-known  Duck- 
ed Platypus  (Ornifhofkyjichiis  pio'odoxus)  t  it  is  web- 
ted,  has  a  thick,  soft  skin,  and  broad,  flat  jaws,  which 
y  much  resemble  a  duck's  bill  (Figs.  195,  19G).  The 
er  form,  the  Porcupine  Ant-eater  {Echidna  hystrix),  much 
embles  the  Ant-eaters,  in  its  mode  of  lifi;,  in  the  cha- 
teriatic  form  of  its  alendei-  snout,  and  in  the  great  length 
its  tongue;  it  is  covered  with  pnckles,  and  can  roll  itself 

into  a  ball  like  a  hedgehog!     Neither  of  these  extant 

■i-r-r!   AnliiiaU   possesses   true  Iwny  teeth,  and,  in   this 

.    they  resemble  the  Toothless  Mammals  {Edentata). 

.U'ionce  of  teeth,  together  with  other  pecidiarities  of 

Urnithostomata,  is  probably  the  result  of  comparatively 
ent  adaptation.  Those  extinct  Cloacal  Aniiuals  which 
l>raccd  the  parent-forms  of  the  whole  Mammalian  clas.s, 

I  ■ '  maiDmalia,  must  certainly  have  been  provided  with 
lopod  set  of  teeth,  inherited  from  Fiahcs."^    Somu 
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ill  single  raolars,  found  in  the  iipiwrmost  strata  i 
Ktuper  formation  in  England  and  Wiirtenibcrg,  ant 
nre  the  oldeat  known  vertebrate  roinains,  probabl 
to  tlicse  priinjEval  Promaniinalia.  These  teetli,  1 
I  til,  indicate  species  that  livud  un  insects;  the  speciod 
ri  called  Micyolesten  antiqiiun.  Teeth  belonging  t( 
closely  allied  Primitive  Mammal  (D-romalherim 
•  I  have  recently  been  discovered  in  the  Nort 
in  Trias. 

I  hi!  oni:^  hand,  the  still  extant  Beaked  Animals,  and,  c 
i-i',  tile  pai-ent-fomis  of  the  Pouched  Animals  (Afuns 
".  or  i>M?e/p/tMt),  must  be  regai-ded  as   representit^ 
-Mnct  and  divergent  lines  of  descent  from  the  Pro 
.:lia.      This    second    Mammalian   oub-class   is 
■iiig  as  a  perfect  link  between  the  two   other  su] 

Whilo  the  Pouched  Ajiimals,  on  the  one  side,  retainl 
if  the  characters  of  the  Cloacal  Animals,  they  also,  1 
.1  ■   ulhei-,  possess  many  placental   characters.     A  few 
iLCten  are  (juite  peculiar  to  Pouched  Animals  alone ; 
I,  for  instance,  is  the  stmctiire  of  the  male  and  fcmali: 
inl  organs,  and  tlie  foim  of  the  lower  jaw.     The  dis- 
.   feature  of  the  latter  in  these  Pouched  Animals  ii 
L    Iiook-shapcd   bony  process,  passing  inward  hori-J 
\    from   the   angle   of  the   lower  jaw.      As  neithai 
Animals  nor  Placental  Animals  have  this  procea 
1  icture  is  alone  sufficient  to  distinguish  the  PoucheC 
:-.  (MarHir/'kUin).    Neaily  all  the  known  mammatiai 
i j>jm  the  Jurassic  and  Cretaceous  formation  are  lowel 
'  'ur  wbnle  knowledge  of  numerous  mesolithic  n 
'  ii'.'  foiTOer  cxi.slence  of  which  would  otherwise  never 
:    ■n  known,  is  solely  derived  from  their  fossihzed 
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lower  jaws,  no  fragment  of  the  rest  of  their  bodies  having* 
been  reserved.     According  to  the  logic  usually  applied  to 
paheontology  by  the  "  exact "  opponents  of  the  theory  of 
evolution,  the  inference  drawn  from  this  fact  would  be 
that  these  Mammals  had  no  bones  except  lower  jaws.    The 
remarkable  circumstance  is,  after  all,  very  easily  accounted 
for.    The  lower  jaw  of  Mammals  being  a  solid  and  excep- 
tionally hard  bone,  but  very  loosely  attached  to  the  skull,  it 
is  easily  detached  from  the  carcase  as  the  latter  is  carried 
down  by  some  river,  and,  fiedling  to  the  bottom,  is  retained 
in  the  mud.     The  rest  of  the  carcase  is  carried  on  further, 
and  is  gradually  destroyed.     As  all  the  mammalian  lower 
jaws  found,  in  England,  in  the  Jurassic  strata  of  Stonesfield 
and  Purbeck,  exhibit  this  j^culiar  process  characteristic  of 
the  Pouched  Animals  {Marmtpialia),  we  may  infer,  from 
this  palaeontological  fact,  that  they  belonged  to  Marsupials 
No  Placental  Animals  appear  to  have  existed  during  the 
Mesolithic  Epoch.    At  least  no  fossil  remains,  undoubtedly 
belonging  to  these  and  dating  from  that  epoch,  are  known. 
The  extant  Pouched  Animals,  the  most  generally  known 
of  which  are  the  gramnivorous  Kangaroos  and  the  carni- 
vorous Pouched  Bats,  display  very  considerable  difference  m 
their  organization,  in  the  fonn  of  their  bodies  and  in  size, 
and  in  many  respects  correspond  to  the  several  orders  of 
Placental  Animals.     The  great  majority  of  them  live  in 
Australia,  in  New  Holland,  and  in  a  few  of  the  Australian 
and    South  Asiatic   islands;    some    few  species  occiu:  in 
America.     On  the  other  hand,  there  is  no  longer  a  single 
indigenous  Pouched  Animal  on  the  continents  of  Asia,  o1 
Africa,  or  of  Europe.     The  case  was  very  different  during  th( 
Mesolithic,  and  also  duiing  the  earlier  Caenolithic  Epochs 
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Neptunian  deposits  of  these  epochs  in  all  qtiarters  i>t' 
^lube,  and  even  in  Europe,  contain  abundant  niai'^uplal 
iliia  in  great  variety,  some  of  them  being  of  very  large 
From  tbis  we  may  infer  that  the  estant  Pouched 
iirds  are  bat  the  last  remnant  of  a  group  which  was 
tuuch  more  widely  developed,  and  which  was  <lis- 
■  'Wii  over  the  whole  suiface  of  the  globe.  During  the 
-:arj-  Period,  these  succumbed  in  the  struggle  for  lii'i- 
.  the  stronger  Phicental  Animals,  and  tho  survivora  were 
iually  driven  back  by  the  latter  into  their  present 
icted  area. 

I'loiu  the  Comparative  Anatomy  of  the  extant  Pouched 

..Miiials,  very  important  conclusions  may  be  drawn  as  U< 

thidr  phyiogenetic   intermediate  position   between  Cloaeal 

Animals  and  Placental  Animab.     The  incompleto  develop- 

ri(  of  tho  brain,  especially  of  the  fore-brain  (ceirbmim). 

p'jasession  of  mai-supial  bones  (ossa  marsupicUia),  the 

I'l^le  stmctuvo  of  the  allantois  (whicli  does  not  as  yet 

ilevelDp  a  placenta),  with  many  other  characters,  have  been 

inherited  by  the  Pouched  Animals  fiom  Cioaeal  Animals. 

'  In  the  other  hand,  they  have  lost  the  independent  coracoid 

.•'  (ij«  coracoideum)  attached  to  the  shoulder  girdle.     A 

'  impoi'tant  step  consists  in  the  fact  that  a  cloaca  is  n<i 

wi^cr  formeil ;  tlie  cavity  of  the  rectum,  together  with  the 

Pl^aing,  is  separated  by  a  partition  wall  from  the  urinary 
Mxnal  opening  (»(7i««  UTOgenitalia).  Moreover,  all 
Foachcc]  Animals  develop  special  nipples  on  the  milk-glandM. 
which  are  sucked  by  the  j'oung  after  liirth.  These  nipples 
ppijoct  into  the  cavity  of  a  pouch,  or  luarsupiiun,  in  the 
vttntral  ftide  of  the  mother.  This  pouch  is  supported  by 
■  Munlo  of  marsupial  bones.     In  it  the  young,  which  are 
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1:1  the  height  of  a  mati,  the  embryo  develops  in  thu 
-  bnt  for  a  month ;  it  is  tlien  bom  in  a  very  incomplete 
rilin,  and  attains  all  its  further  development  in   the 

■  I'a  pouch,  wliere,  for  about  nine  months,  it  remains 
ii<:<I  to  the  milk-glands. 

vU  these  and  other  characters  (especially  the  peculiar 

cure  of  the  internal  and  external  sexual  organs  of  the 

jind  female)  clearly  show  that  the  whole  sub-daas  of 

■t'..uehed  Animals   {Margiipialia)  are  a  single  group. 

I  h  originated  fi-om  the  promamnialian  branch.     From  a 

branch  of  these  Pouched  Animals  (perhaps  from   several 

;b)   tliP  parent-forms   of  the  higher  Mammals,  the 

■»ntal   Annuals,  afterwards   sprang.      Hence   we  must 

•n  a  wliolts  series  of  Pouched  Animals  among  the  an- 

I J  of  the  human  race ;  and  these  constitute  the  seven- 

ti  itagf  in  the  Imman  pedigree,'** 

I  li.-  remaining  stages  of  our  ancestral  line,  from   the 

f!'-i;nth  t«  the  twenty- second,  all  belong  to  the  group  of 

,   Animals   (PhicnituHa).      This   very   highly   de- 

p  of  Mammals  the  third  and  last,  came  info 

■world  at  a  considerably  later  period.     No  single  known 

:I  lielonging  to  any  portion  of  the  Secondary  or  Meso- 

■  Epoch,  can  be  referred  with  certainty  to  a  Placental 
.Auiuial,  wliile  we  have  plenty  of  placental  fossils  dating 
from  every  part  of  thu  Tertiary  or  Cwnolithic  Epoch.  From 
■thw  iiahiHintological  fact  we  may  provisionally  infer  that  the 

<l  fuid  last  main  division  of  Mammals  did  not  develop 
the  Pouched  Animals  until   the   beginning   of   the 

ixjithic  Epoch,  or,  at  the  earliest,  till  the  close  of  the 
^eswlithic Epoch  (during  tlie  Chalk  Period),  In  our  survey 
pf  geolngiol  formations  and  periods  (pp.  12,  19)  we  found 
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how  comparatively  short  this  frhole  Tertiary  or  Cienol 
Epoch  was.  Judging  from  the  relative  thicknesses  of 
various  strata-formations  we  were  able  to  say  that 
whole  period,  during  which  Placeatal  Animals  first  appe) 
and  assumed  their  respective  fomm,  amounted  at  mot 
ahout  three  per  cent,  of  the  entire  duration  of  the  oi^ 
history  of  the  earth.     (Of.  p.  18.) 

All  Placental  AnimftlH  are  distinguished  from  the 
lower  Mammalian  groups  already  considered,  from 
Cloacal  Animals  and  Pouched  Animals,  hy  many  promi 
peculiaritiea  All  these  characters  are  present  in  Ma 
most  significant  fact.  For  <m  the  most  accurate  compar 
anatomical  and  ontogenetical  researches,  we  may  has( 
irrefutable  proposition  that  Man  is  in  every  respect  a 
Placental  Animal ;  in  him  are  present  all  those  peculiai 
in  the  structure  and  in  the  development  of  the  body  v, 
distinguish  Placental  Animals  from  the  lower  Mamm 
groups,  and  at  the  same  time  from  all  other  ani: 
Among  these  characteristic  peculiarities  the  higher  dev 
ment  of  the  brain,  the  organ  of  the  mind,  is  cspec 
prominent.  The  fore-brain,  or  Iiu^e  brain  (cwefci-Mii 
much  more  highly  developed  in  these  than  in  1 
animals.  Tlic  body  (corpv3  callosuin),  which,  like  a  br 
connects  the  two  hemispheres  of  the  fore-brain,  attain 
full  development  only  in  Placental  Animals ;  in  tlie  Poo 
Animals  and  Cloacal  Animals  it  exists  merely  as  an  ins 
ficant  rudiment.  It  is  true  that  in  tlieir  hmin  strui 
the  lowest  of  the  Placental  Animals  yet  i-esemble  Pou 
Animals  very  nearly ;  but  within  the  Placental  grouj 
can  trace  a  continuous  series  of  progressive  stages  in 
development  of  the  brain,  ascending  quite  gradually 
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iwest  stage  to  the  very  liighly  developoJ  mlnd-orgftn 
■■   Monkey  and   of  Man.      (Cf.   Chapter   XX.)    Thi.- 
(■  laind  is  but  a  more  highly  developed  ape-mind. 
!n>   milk-glanila  of  Placental   Animals,  as   of  Marsu- 
ure  provided  with  developed  nipples;  but  the  pouch 
uch   the  immature  young  of  the   latter  are  carried 
^  and  suckled  is  never  present  in  the  former.     Nor  art- 
be   marsupial  bones  (osea  vwrauiualia^  present   in   Pla- 
inUl  Animals;  these  bones,  which  ai-e  embedded  in  the 
llidoniinal  wall,  and  rest  on  the  anterior  edge  of  the  pelvis, 
iiimon  to  Pouched  Animals  and  Cloacal  Animals,  on- 
iiig  from  a  partial  ossification  of  the  tendons  of  the 
iiblittue  muscle  of  the  abdomen.     It  is  only  in  a  few 
:    i>t  prey  that  insignificant  rudiments  of  these  bones  are 
i     The  hook-.shaped  process  of  the  lower  jaw,  which 
(tcrizes  Pouched  Animab,  is  also  entirely  wanting  in 
ital  Animals. 

-.■  character,  however,  which  especially  distinguishes 
Tilal  Animals,  and  which  has  justly  given  its  name  to 
■litre  sulM^lass,  is  the  development  of  the  placenta,  or 
-\:\v  cake.  We  have  ah-eady  spoken  of  this  organ,  in 
liing  the  development  of  the  allantois  in  the  human 
. ..  (vol.  i.  p.  382).  Tlie  urinary  sac  or  allantob,  tliat 
:  tr  bladder  which  grows  out  of  the  posterior  portion  of 
III  .stinal  canal,  is,  we  found,  fonned  at  an  early  stage  in 
.niiian  embryo  just  as  in  the  geiTns  of  all  other  Amnion 
4umal».  (Cf. Figs.  132-135, vol i. p. 377-380.)  Thethinwall 
r  UuH  sac  consists  of  the  same  two  layers,  or  skins,  as  the 
f  th«  intestine  itself;  internally  of  the  intestinal-glan- 
kyer,  and  externally  of  the  intestinal-fibinns  layer, 
jvrfjlie  allantois  is  filled  with  fluid;  tlib  primi- 


156  THE  EVOLUTION  OF  MAN. 

tive  urine  must  be  chiefly  the  product  of  the  piimitit 
kidneys.  The  intestinal  fibrous  layer  of  the  aUantois 
traversed  by  large  blood-vessels  which  accomplish  the  ni 
ment  and,  especially,  the  respiration  of  the  embryo ; 
are  the  navel-vessels,  or  umbilical  vessels  (voL  i  p.  400).  I| 
all  Reptiles  and  Birds  the  allantois  becomes  an  immenai 
sac,  which  encloses  the  embryo  with  the  amnion,  and  whid 
does  not  coalesce  with  the  outer  covering  of  the  eg 
(diorion).  In  Cloacal  Animals  (MonotreTnata)  and  Pouchec 
Animals  (Mivraitpialia)  the  allantois  is  also  of  this  nature 
It  is  only  in  Placental  Animals  that  the  allantois  develop 
into  that  very  peculiar  and  remarkable  formation,  callec 
the  placentUy  or  "vascular  cake."  The  nature  of  the  placenti 
is  this :  the  branches  of  the  blood-vessels  which  traverse  thi 
wall  of  the  allantois,  penetrate  into  the  hollow  tufts  of  th( 
chorion,  which  are  insei'ted  into  corresponding  depression 
in  the  mucous  membrane  of  the  maternal  uterus.  As  thi 
mucous  membrane  is  also  abundantly  supplied  with  blood 
vessels,  which  conduct  the  mother's  blood  into  the  uterus 
And  as  the  partition  between  these  maternal  blood-vessel 
And  the  embryonic  vessels  in  the  chorion-tufts  soon  become 
<ixtremely  thin,  a  direct  exchange  of  substance  is  soon  de 
veloped  between  the  two  sets  of  blood-vessels,  wliich  is  c 
the  utmost  importance  for  the  nutrition  of  the  youn 
Mammal.  The  maternal  blood-vessels  do  not,  howeve 
pass  directly  (anastomosis)  into  the  blood-vesseb  of  th 
embryonic  chorion-tufts,  so  that  the  two  kinds  of  bloo 
simply  mix,  but  the  partition  between  the  two  sets  i 
vessels  becomes  so  thin,  that  it  permits  the  passage  of  tl 
most  important  food-materials,  freed  from  unnecessai 
matter  (transudation,  or  diosmosis).    The  larger  the  embrj 
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in  Plftccntal  Aiiimabt,  and  tbu  loiigor  it  remains  hi 
^it^mal  uterus,  the  more  necessary  does  it  become  that 
il  structural  arrangements  should  meet  the  increaaeil 
:  hiption  of  food.     In  this  point  there  is  a.  very  striking 

lice  lietweeu  the  lower  and  the  higher  Mammals.  In 
a}  Amnials  and  Pouclied  Animals, in  which  the  embiyo 
IIS  for  a  comparatively  brief  time  in  the  utenis,  and  is 

11  a  very  immature  condition,  the  circulation  as  it  exists 
Velk-sac  and  in  the  allontois  suHice.i  for  nutrition,  as 

U  and  reptiles.   In  Placental  Animals,  on  the  contraty, 

,icli  gestation  is  very  protracted,  and  the  embrj'o 
iiLS  much  longer  in  the  uterus,  tlie re  attaining  its  full 
iipnient  within  its  investing  membranes,  a  new  ap- 
iiis  is  required  to  convey  a  direct  supply  of  richer 
:;ivo  matter;  and  this  is  admirably  effected  by  the 
liipment  of  the  placenta. 
i  li  ortler  rightly  to  undei-stand  and  appreciate  the  for- 

<n  of  this  placenta  and  its  important  modification.s  in 
r '  ut  Placental  Animals,  we  must  once  more  glance  at  the 
I  lift]  coverings  of  the  mammalian  egg.  The  fiiitermost  of 
'    was  firiginally,  and  dming  the  ciea\'age  of  the  egg 

the  first  formation  of  the  axial  portion  of  the  germ, 
.  d  by  tbe  so-called  zona  pcUucidii,  and  by  the  thick 

linous   covering  deposited   externally   on    the    latter 

19.  Fig.  21,2,A,  voLi.  p.  178). 
'■\''-  called  these  two  outer  coverings,  which  aftei-wai-ds 
'..-iimate,  the  procf^orion.     This  proehorion   %'ery  soon 

pears  (in  man  perhaps  in  the  second  week  of  develop- 

:i'.  ,  anil  ia  replaced  by  the  pei-mancnt  outer  egg-mem- 

Lmnt^.    the   cliorion.     The   latter,   however,  is   simply   the 

iecou»  mvmbrane,  which,  a^  we  have  already  seen,  is  the 
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prwluct  of  the  outer  germ-layer  of  the  genn-ma 
vesicle.  (Sec  vol.  L  p.  401,  and  Fig.  139,  ^.  j,  A,  p.  383 
is  at  firet  a  very  smooth,  thin  membrane,  surrotutd 
entire  egg,  as  a  closed  splierical  vesicle,  and  consist! 
single  layer  of  exodeim  cella.  The  chorion,  how© 
comes  very  soon  stwlded  with  a  numher  of  little  pi 
ances  or  tufts  (Fig.  13!),  5.  cAr).  These  fit  themael' 
indentations  in  tlie  mucous  membrane  of  the  uter 
thus  secure  tlie  egg  to  the  wall  of  the  latter.  Tl 
are,  however,  not  solid,  but  hollow,  like  the  fingi 
glove.  Like  the  whole  i^liorion,  tliese  hollow  tufts  a 
a  thin  layer  of  cells  belonging  to  the  horn-plate 
very  soon  attain  an  exti-afirdinary  development, 
and  branching  rapidly.     In  the  spaces  between  the 

Fio.,198.— Egg.c< 
tbo  ImtnaD  embryo 
□utio):  ni.thetbiolE 

v!  tbe  nt^rnsi   pU 

wliicli  ban  eiteiiciwl 
lietn'oeti  the  chorioD. 
('-/i/,  tafteil.  rhl.  at 
tioti)  ;  a,  amnion  ;  i 
cuvitf ;  at,  nmniOQ 
the  tiBTcl.cDrd  (fma 
into  tha  nafcl  of  th 
nhidi  ia  not  repreael 
r.'y,  yB\)c-daot ;  dt, 
>Ii'.  dr,  docidoa  (di 
fnlsc).  The  uUtdi.- 
o|ieB8  below  into  t 
sbove,  on  the  rigU 
into  Bii  DTidnot  il] 
Kftllilior.) 

tnfta  arise  in  all  directions  from  the  serous  mcmbi 
thus  before  long  (in  the  human  embrj'o  in  the  tluuf 
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liole  onter  surface  of  the  egg  is  covered  with  a  dimst; 

•  ^jf  tufts  (Fig.  134). 

These  hollow  tufts  ai'e  now  peoetrated  from  within  by 

be  branching  blood-vessela,  which  originate  from  the  in- 

-■stinal  fibrous  layer  of  the  allantois,  and  which  contain 

■  ■  "xl  of  the  embryo,  introduced  throuj^h  the  navel  vessels 

<.'.>S.  (J1.2).     On  the   otlier  liand,  dense   networks    of 

\essels    develop    in    the   mucous  membrane,   which 

tiio  iimer  surface  of  the  uterus,  particularly  in  the 

..>i.>urhoGd  of  the  depressions  into  which  the  chorion- 

ii'.-uetrate  (jtlti).    These  vascular  networks  receive  the 

:   i>r  the  mother  introduced  through  the  uterus  vessels. 

■■.  hole  mass  of  these  two  seta  of  vessels,  which  are  here 

Ultimately  connected,  together  with   the   connecting 

■  nveloping  tissues,  is  called  the  placenta,  or  '■va.scular 

Properly   speaking,   the  placenta   consists   of  two 

different,  though  cloaely  connected,  ptuis  ;  internally, 

ombrj'onic  placenta  (placenta  foitalia.  Fig.  198,  chz), 

mil  externally  of  the  maternal  placenta  {placenta  uterimt, 

%  198,  plu).    The  latter  is  formed  by  the  utei-ine  mucous 

nenbrane    and    its    blood   vessels :    the    former    by    tlie 

Hondary  chorion  and  the  navel  vessels  of  the  embryo. 

I    The  mode  in  which  these  two  "  vascular  cakes "  com- 

iJDc  to  form  the  placenta,  as  well  as  the  structure,  form, 

nd  sue  of  the  latter,  differs  much  in  different  Placental 

inimft'^j  and  affords  valuable  data  for  natural  classification, 

"■*  ^enoe  also  for  the  tribal  history  of  the  whole  sub-class. 

ittvr  is  primarily  divisible  into  two  main  divisions, 

!    'Jii  these  differences :   tlie  lower  Placental  Animals. 

I    aro    called  IndcciUua,  and    the  higher  Placental 

.Jh,  or  J}nidwila. 
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To  the  Indecidua,  or  lower  Placental  Animals,  be 
two  very  comprehensive  and  important  vertelnrate  gro 
(1)  the  Hoofed  Animals  (Ungulata) — ^the  Tapirs,  H( 
Swine,  Ruminants,  and  others ;  (2)  the  Whale-like  ani 
(Cetonwrplui) — the  Sea-cows,  Porpoises,  Dolphins,  Wl 
and  others.  In  all  these  Indecidua  the  chorion  tufti 
distributed,  singly  or  in  bunches,  over  the  entire  surfiEi' 
the  chorion,  or  over  the  greater  part  of  it.  They  are  but 
loosely  attached  to  the  mucous  membrane  of  the  uten 
that  the  entire  outer  egg-membrane  with  its  tufls  o 
easily  and  without  using  force  be  drawn  out  of  the  depres 
in  the  uterine  mucous  membrane,  just  as  the  hand  is  ^ 
draiJVTi  from  a  glove.  The  two  "vascular  cakes"  dc 
really  coalesce  at  any  point  of  their  contact.  Henc 
birth  the  "embryonic  cake"  (placenta  fostcUis)  is  j 
removed ;  the  "  maternal  cake "  (placenta  uterina)  h 
displaced.  The  entire  mucous  membrane  of  the  gi 
uterus  is  but  little  altered,  and,  at  parturition,  suffei 
direct  loss  of  substance. 

The  structure  of  the  placenta  in  the  second  and  h 
division  of  Placental  Animals,  the  Deciduata,  is  very 
ferent.  To  this  comprehensive  and  very  highlj'-  devel 
mammalian  group  belong  all  Beasts  of  Prey  and  all  Ir 
eaters.  Gnawers  (Bodentia),  Elephants,  Bats,  Semi-apes, 
lastly.  Apes  and  Man.  In  all  these  Deciduata  the  i 
surface  of  the  chorion  is  also  at  first  thickly  covered 
tufts.  These,  however,  afterwards  disappear  from  pa 
the  surface,  while  they  develop  all  the  more  vigorous 
the  remainder.  The  smooth  chorion  (chorion  Iceve,  Fig. 
dil)  thus  becomes  distinct  from  the  tufted  chorion  (clu 
froTidoaum,  Fig.  198,  chf).    On  the  former  there  are 
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'j.f-  and  scattered  tufts,  or  novn  at  all ;  whilo  the  latter 
.1  kly  overgrown  with  highly  developed  and  large  tufts. 
■'<■■■   Deciduata  the   tufted    chorion    alone    forms   the 

.  *  I.  more  characteristic  of  the  Deciduata  is  the  very 

i»r  and  intimate  connection  which  is   developed  in 

between   the    tufted    chorion    and    the    contiguous 

<!)  of  the  uterine  mucous  membrane,  and  which  must 

-arded  as  a  true  Cfjalesceiicc,     Tho  vascular  tufta  of 

ii'.rion  push  their  branches  into  the  sanguineous  tissue 

-  mucous  membrane  in  such  a  way,  and  the  two  sets 

-^Is  are  in  such  close  contact  and  are  ao  interlaced, 

tlie  embryonic  placenta  is  no  longer  distinguishable 

the  tcatemal  placenta;   the  two  form  one  whole — a 

.(■t  and  apparently  simple  placenta.     Owing  to  tliis 

...Momte  coalescence,  a  portion  of  the  uterine  mucous  mem- 

bnne  of  the  mother  comes  away,  at  birth,  with  the  firmly 

iillitrent  tgg-membrane.     The  portion  of  the  mother's  body 

*hich  in  tliUB  removed  in  [•acturition  is  called,  on  account 

«f  lU  m^p&rahle  nature,  the  ileciduous  membrane  (deddua). 

AH  Placvtital  Animals  which  pot^.seas  this  deciduous  mem- 

'inuie  are  classed  together  as  Deciduata.     The  removal  of 

■iiis  membrane  at  parturition,  of  course,  causes  a  greater  or 

W  loss  of  Wood  by  the  mother,  which  dues  not  occur  in 

•^ indiccidua.     In  the  Deciduata,  moreover,  the  lont  portion 

if  dw  uterine  mucous  membrane  must  be  replaced,  alter 

ArturiticMi,  by  a  renewal  of  the  tissue. 

Tb*  structure  of  the  placenta  and  deciduous  membrane 
I,  however,  by  no  means  identical  tliroughout  the  compre- 
tsudve  group  of  Deciduata.  On  the  cimtiary,  there  are 
tmy  important  difierencee  in  this  respect,  which  are  in 

SI 
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flome  deforce  connected  with  other  important  stnictiirai 
characters  ie.g.,  the  stractaie  of  the  brain,  of  the  teeth,  of  tlu 
feet),  and  which  may  justly,  therefore,  be  turned  to  accona 
in  the  phylogenetic  daseiScation  of  FlacentaJs.  In  the  fini 
place,  two  great  groups  of  Deciduata  may  be  diatinguJBhed 
according  to  the  form  of  the  placenta :  in  the  one  group  il 
is  ring-ehaped  or  ^rdle-shaped ;  in  the  other  it  is  disoudoj 
cake-shaped.  In  Deciduata  with  girdle-shaped  placentl 
(Zonoplaeentalia)  the  poles  of  the  oval  e^  take  no  pail 
in  the  formation  of  the  placenta.  The  "vascular  cake 
resembleB  a  broad  ling-like  girdle,  embracing  the  centra 
zone  of  the  egg.  It  is  so  in  Beasts  of  Prey  (Comom^ 
both  in  the  terrestrial  forms  (Camivora)  and  in  the  mariw 
forms  (Pinnipedia).  A.  sinular  girdle-shaped  placenta  ii 
found  in  the  False-hoofed  AnimnlH  (fikelopkora)  i  tin 
elephants,  and  Klip  Das  (Hyrax)  with  its  allies,  which  wen 
formerly  classed  as  Hoofed  Animals.  All  these  Zonoplacen 
talia  belong  to  one  or  more  side-branches  of  the  Deciduata 
which  are  not  nearly  allied  to  Man. 

The  second  and  most  highly  developed  group  is  fonnee 
by  the  Deciduata  with  discoidal  placenta  (DiacoplacoTttalia). 
The  formation  of  the  placenta  is  here  most  localized  and 
its  structure  most  fully  developed.  The  placenta  forms  ■ 
thick,  spongy  cake,  usoally  in  the  form  of  a  circular  or 
oval  disc,  and  attached  only  to  one  side  of  the  uterine 
walL  The  greater  part  of  the  embryonic  egg-membiane  is, 
therefore,  smooth,  without  developed  tofta  To  the  Disco- 
placentalia  belong  the  Semi-apea  and  Insect-eaten^  ttie 
Diggers  (Effodienta)  and  the  Sloths,  Bodents  and  B«% 
Apes  and  Man.  Comparative  Anatomy  enables  ns  to  infa 
that  of  these  varioos  ordeis  the  Semi-apes  are  the  parent 
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ponp  from  which  all  other  Discoplacentals,  and  perhaps 
even  all  Deciduous  AnimalB,  have  developed  a^  divergent 
l«Dches.     (Cf.  Tables  XXIII.  and  XXIV.) 

Tbe  Serai-apes  {ProsimiaE)  are  now  represented  only  hy 

■. >r\-  few  forma.     These,  however,  are  very  interesting,  and 

.  t  be  regarded  as  the  last  remnants  of  a  group  once  rich 

:  irms.     This  group  ia  certainly  very  ancient,  and  was 

pmbably  very  prominent  during  the  Eocene  Epoch,     Their 

lynsent  degraded  descendants  are  scattered  widely  over  the 

luMtliem  portion  of  the  Old  World.     Most  of  the  species 

Mnbabit  Hadagaacar;  a  few  the  Sunda  Islands;  a  few  others 

■like  eontinente  of  Asia  and  AFnca.     No  living  or  fossil  Senii- 

tties  have,  as  yet,  been  found  in  Europe,  America,  or  Aus- 

V::\.'^    Tlie  widely  scattered  posterity  of  the  Semi-apes 

.  iiisjderably  diversified.     Some  forms  seem  nearly  allied 

—  ihe  Marsupials,  especially  to  the  Pouched-rats.     Others 

tfMaerotarsi)  are  very  near  akin  to  the  Insect-eaters,  and 
TH  others  (Ckeiromya)  to  the  Gnawers  (Rod^ntia).  One 
I'ls  (Galeopithecus)  forms  a  direct  transition  to  the  Bats, 
■nlly,  some  of  the  Semi-apes  {Brach^tarai)  approach  very 
r  to  true  Apes.  Among  the  latter  are  some  tail-less  fonns 
,  the  Lori,  Stenops,  Fig.  199).  From  these  highly  in- 
fing  and  important  relations  of  the  Semi-apes  to  the 
Discoplacental  orders,  we  may  fairly  infer  that 
I  extant  representatives  of  this  group,  they  are  the 
t  to  the  common  primitive  parent-form.  Among  thf 
1  ancestora  of  Apca  and  Men,  there  must  havi- 
«  Deciduata  which  we  should  class  among  tht' 
I,  were  we  to  see  them  alive.  We  may  therefore 
t  this  ortler  as  a  special  stage,  following  the  Pouclied 
>  the  eighteenth  stage  in  the  human  pedigicc 
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Probably  our  uicestora  among   the   Semi-apea  doseij 
sembled  the  extant  Brach^rtarsi  or  Lemura  {Lemur, 


Fio,  199.— The  Slender  Lori  nt  Ceylon  (Stmopi  graeitia). 
olue,  Stenops),  and,  like  theae,  led  a  quiet  life,  climbi 
trees.     Tlie  extant  Semi-apes  are  mostly  nocturnal 
Dfgenth  and  melancholy  disposition,  subaiflbiag  «i  £ 
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mi-apes  uc   immediately  followed  by  the  true 

Mue),  as  ibe  nineteenth  stage  in  the  human  pedi-         ' 

}  haa  long  been  beyond  doubt  that  of  all  animalA^^H 

jl  are  in  all  respects  the  most  nearly  allied  to  Maii.^^| 

IjOO  the  one  side,  the  lowest  Apes  approach  very  near  ^^^ 

Hui-apes,  so,  on  the  other  side,  do  the  highest  Apes 

lely  rceeinble  Man.    By  carefully  studying  the  Com- 

'Anatotny  of  Apes  and  Man,  it  is  possible  to  trace  a 

Bnintemipted  advance  in  the  Ape-organization  up  to 

ty  human  structure;  and  on  impartially  testing  this 

•cetion,"  which  has  lately  been  agitated  with  such 

interest,  we  shall  infallibly  have  to  acknowledgo 

it  fact,  which  was  first  explicitly  laid  down  by 

"whatever  system  of  organs  bo  studied,  tho 

their  modifications  m  the  ape  series  leads  to 

tJie  same  result — that  the   structural  differences 

.te  Man  from  the  Gorilla  and  Chimpanzee  are ' 

8  those  which  sepaiate  the  Gorilla  from  the 

In  phylogenetic  language  this  pregnant  law 

in  so  masterly  a  manner  by  Huxley,  is  efjuiva- 

popular  phrase :  Man  is  descended  from  the  Ape, 

ler  to  become  convinced  of  the  truth  of  this  law, 

more  consider  the  placenta  and  deciduous 

(,  on  the  varied  structure  of  which  we  justly  laid 

Men  and  Apes,  in  the  structure  of  their  disc- 

Iscenta  and  iu  their  decidua,  do,  indeed,  coincido 

ftole  with  all  other  Discoplacental  Animals.     But 

delicate  structure  of  these  parts  Man  is  di»- 

^  by  peculiarities  which  he  shares  only  with  Apes, 

are  absent  in  other  Deciduata.     Thus  in  Man 

Apes  three  distinct  parts  are  recognized  in  tha 
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!  the  maternal  part  of  the  "  vascular  cake  " 
ri7>a),  i.e.,  that  part  of  the  uterine  mucous  mei 
I  Ultimately  with  the  chorion-tufts  ( 


0.301. — Mataio  huniBii  embryo  (at  the  end  of  pregnaooy),  in  it*  natnral 
on,  lakcD  oat  ot  the  oteriiB.  On  t)>e  inner  surface  uF  the  latter  (on 
AJ  i«  the  filkcenta.  which  ia  attached  to  the  navel  of  tho  child  b;  tbe 
(After  Benihard  Scbaltie.) 


placenta  (placenta  fceialis).  Lastly, 
^&lse  deciduous  membrane  (d.  inte^'na  or  reflea 
198,  dr.  Fig.  200,  /)  is  that  portion  of  the  uterine  raucous 
brute  which,  as  a  peculiar  thin  envelope,  covers  all  the 
jf  the  egg-surface,  lying  immediately  over  the  tuftlesa 
th  choriou  {chorion  Iceve).  The  origin  of  these  threa  | 
ict  deciduous  membranes,  concerning  which  erroneous 
■ve  been  entertained  (still  retained  in  the  nomen- 
I  plain  enough ;    the  extei-nal  or  true  deciduous 


1 68  THB  XYOLUnON  OF  XAK. 

membrane  is  a  peculiar  modification,  afterwards  loat^  of  t 
superficial  layer  of  tiie  original  mucous  membrane  of  t 
uterua  The  placental  membrane  is  that  portion  of  t 
preceding  which  is  completely  modified  by  the  intrusion 
the  chorion-tufts  and  is  employed  in  forming  the  placen 
Lastly,  the  inner  deciduous  membrane  is  formed  by 
ring-shaped  fold  of  the  mucous  membrane  (at  the  po 
of  union  of  the  d,  vera  and  the  d,  aerotvna)  which  n 
grows  round  the  egg,  and  closes  in  the  same  way  as 
amnion.^*^ 

The  peculiar  anatomical  characters  which  markthe  hun 
egg-membrane  re-occur,  in  the  same  form,  only  in  Apes. 
other  Discoplacental  Animals  present  greater  or  less  dif 
ences  iu  these  points,  the  conditions  being  generally  m 
simple.  This  is  the  case,  for  instance,  in  the  structure 
the  placenta  itself,  in  the  coalescence  of  the  chorion-ti 
with  the  decidua  serotiiui.  The  matured  human  place 
is  a  circular  (rarely  oval)  disc  of  a  soft,  spongy  charac 
6  to  8  inches  in  diameter,  about  1  inch  thick,  and  weigl 
from  1  to  1 J  lb.  Its  convex,  external  surface  (that  wl 
coalesces  with  the  uterus)  is  very  uneven,  and  tufted, 
internal,  concave  surface  (that  which  is  turned  towards 
cavity  of  the  egg)  is  quite  smooth,  and  clothed  by  the  ami 
(Fig.  198,  a).  From  near  the  centre  of  the  placenta  spr 
the  navel  cord  (Junicidua  umbilicalia),  the  developn 
of  which  we  have  already  observed  (vol  L  p.  383).  It  al 
coated  by  the  amnion  as  with  a  sheath,  which  at  the  n 
end  passes  directly  into  the  abdominal  skin  (Fig.  200,  S 
The  mature  navel  cord  is  a  cylindrical  cord,  coiled  spii 
around  its  axis,  and  usually  about  20  inches  long  and  ^ 
thick.    It  consists  of  gelatinous  connective  tissues  ("  W 
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jf"),  in  which  are  contained  the  remnants  of  the 
tels  and  of  the  great  navel  vessels ;  the  two  navel 
B  which  convey  the  blood  of  the  embryo  to  the  pla- 
te,  and  the  great  navel  vein  which  brings  back  the  blood 
ID  the  latter  to  the  heart.  The  numerous  fine  brandies 
theee  embtyonic  navel  vessels  pass  into  the  branched 
nion-tufts  of  the  fcetal  placenta,  and  with  these,  finally, 
iw.in  a  very  peculiar  way,  into  large  blood-flUed  cavities, 
lieh  spread  themselves  in  the  uterine  placenta  and  con- 
B  blood  from  the  mother.  The  anatomical  relations,  very 
Dplex  and  difficult  to  comprehend,  which  are  developed 
tween  the  embryonic  and  the  maternal  placenta,  exist  in 
a  form  only  in  Man  and  in  the  higher  Apes,  while  in  all 
her  Deciduous  Animals  their  form  is  more  or  less  different, 
IB  navel  cord,  also,  ia  proportionately  longer  in  Man  and 
Apes  than  in  other  Mammals. 

Ab  in  these  important  characters,  so  also  in  every  other 
irpbological  respect,  Man  appears  as  a  member  of  the 
ler  of  Apes,  and  cannot  be  separated  from  the  latter.  The 
)at  originator  of  systematic  description  of  nature,  Karl 
BiueuB,  with  prophetic  penetration,  united  Men,  Apes, 
inj-^jeB,  and  Bats  in  a  single  natural  division,  under  the 
Bta  of  Primates,  that  is,  Uie  first,  the  lords  of  the  animal 
Ijgdom.  Later  naturalist'4  dissolved  this  order  of  Primates. 
A  QM-tlngen  anatomist,  Blumenbach,  first  placed  Man  in 
|Peeul  order,  which  he  called  that  of  Two-handed  Animals 
mona);  in  a  second  order,  he  united  Apes  and  Semi- 
It  under  the  name  of  Four-handed  Animals  (Quad- 
I,  while  a  third  order  included  the  distantly  related 
tern).  The  separation  of  the  Bimana  and 
was  retained  by  Cuvier  and  moat  succeeding 
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zoologista  It  eeems  very  important,  but  is  really  n 
unjustifiable.  This  was  first  shown  in  the  year  18( 
Huxley.  Supported  by  very  accurate  Comparative  A 
mical  researches,  he  proved  that  Apes  are  as  ^two-hai 
as  Men,  or,  conversely,  that  Men  are  as  **  four-hande 
Apes.  Huxley  showed,  with  convincing  t^h^rycu^^^  tfai 
ideas  previously  held  of  the  hand  and  the  foot  were 
and  were  incorrectly  fiMinded  on  physiolo^cal  instead 
morphological  difrtinctions.  The  circumstance  that  i 
hand,  the  thumb  may  be  opposed  to  the  other  four  fi 
thus  permitting  the  act  of  grasping,  appeared  especit 
distinguish  the  hand  from  the  foot,  in  which  the  corree 
ing  great  toe  cannot  be  thus  opposed  to  the  four  remi 
toes.  Apes,  on  the  contrary,  can  grasp  in  this  way  wi 
hind-foot  as  well  as  with  the  fore-foot,  and  were  the 
regarded  as  four-handed.  Many  tribes,  however,  amoi 
lower  races  of  men,  especially  many  negro  tribes,  use  tl 
in  the  same  way  as  the  hand.  In  consequence  of  early 
and  continued  practice,  they  are  able  to  grasp  as  wel! 
the  foot  as  with  the  hand  (for  example,  in  climbing 
grasp  the  branches  of  trees).  Even  new-bom  children 
own  race  have  a  very  strong  grasping  power  in  the  gre 
with  which  they  can  hold  a  spoon  as  fast  as  with  the 
The  physiological  distinction  between  hand  and  foo 
therefore,  neither  be  strictly  carried  out,  nor  scienti 
established.  Morphological  characters  must  be  used  f( 
purpose. 

A  iharp  morphological  distinction  of  this  kind— t 
one  founded  on  anatomical  structure — ^between  han< 
foot,  between  the  anterior  and  the  posterior  limbs,  is  ac 
possible.    There  are  essential  and  permanent  diffe 
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ifce  stmctare  of  the  bony  skeleton  and  in  that  of  I 
a  which  are  attached  to  the  hand  and  the  foot ; 
<BC  are  exactly  the  same  in  Man  and  in  the  Ape. 
B,  for  instance,  an  essential  difference  in  the  arrange- 
Lonmber  of  the  wrist-bones  of  the  hand  (ciarpus) 
Icle-bones  of  the  foot  {tarsus).  The  muacle-masses 
Jly  constant  differences.  The  posterior  ex- 
!ne  foot,  has  always  three  muscles  (a  short  dexor 
&  ithort  extensor  muscle,  and  a  long  muBcIe  attached  ' 
muscles  of  the  tibia)  which  are  never  present  in 
trior  extremity,  the  hand.  The  disposition  of  the 
is  also  very  different  in  the   two   sets  of  linaba. 

Eicteristic  differences  between  the  anterior  and 
a  extremities  occur  in  Man  just  as  in  Apeo. 
therefore,  be  no  doubt,  that  the  foot  of  the 
i&  the  name  or  truly  as  that  of  the  Man ;  and 
true  Apes  are  as  genuinely  two-handed  animals 
»)  as  Man.  Thus  the  usual  distinction  of  the  Apes 
Tnmana  is  wholly  unjustifiable. 
ight  now  be  asked  wliether,  quite  apart  from  thes<9, 
*  not  other  marks  by  which  Man  is  more  widely 
■from  the  Apes  than  are  the  different  species  of 
^B  each  other.  Huxley  has  given  a  final  negative 
^Gstion  80  convincingly,  that  the  opposition  now 
gainst  him  in  many  quarters  must  be  regarded  as 
sly  unfounded  and  ineffective.  Eased  on  an  accurate 
'  the  Comparative  Anatomy  of  all  parts  of  the  body, 
brought  forward  very  signiBeant  proof  that,  in 
atomical  respect,  the  differences  between  the  highest 
(rest  Apes  are  great«r  than  the  corresponding 
fttweea  the  highest  Apes  and  Man.     He  there- 
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fore  restored  Linnfleus's  order  of  Primates  (exdadiBg  A 
Bats),  and  divided  it  into  three  different  sub-orden,  til 
first  of  which  is  formed  by  the  Semi-apes  (Lemwrido^i 
second  by  the  tnie  Apes  {SimiadoB),  and  the  third  by  M 
(AnthropidoB)?^ 

Yet,  if  we  proceed  logically  and  without  prejudioe, 
accordance  with  the  principles  of  scientific  reasoning, 
find,  on  the  basis  of  Huxley's  own  law,  this  division 
adequate,  and  must  go  considerably  further.    As  I  f 
showed  in  1866,  in  treating  this  question  in  my  Oener 
Morphologie,  we  are  fully  justified  in  taking  at  least  < 
important  step  further,  in  assigning  to  Man  his  nati 
place  in  one  of  the  divisions  of  the  Ape-order.    All 
characters  distinctive  of  this  one  division  of  the  Apes 
present  in  Man,  while  they  are  absent  in  other  Apes, 
are,  therefore,  not  justified  in  forming  a  distinct  order 
Man  apart  from  the  true  Apes. 

The  order  of  the  true  Apes  {Simice),  the  Semi-apes  be 
excluded,  has  long  been  divided  into  two  natural  n 
groups,  which,  among  other  points,  are  distinguished 
their  geographical  distribution.  Those  of  one  divif 
{Hesperopithedy  or  Western  Apes)  live  in  the  New  Wo 
in  America.  The  other  division,  to  which  Man  belong 
that  of  the  Heopithed,  or  Eastern  Apes ;  these  live  in 
Old  World,  in  Asia,  Afirica,  and,  formerly,  in  Europe, 
the  Apes  of  the  Old  World,  all  Heopithed,  share,  in  comi 
with  Man,  all  those  characteristics  to  which  special  pron 
ence  is  justly  given,  in  distinguishing  these  two  group 
Apes,  in  zoological  classification;  among  these  characteris 
the  structure  of  the  teeth  is  most  prominent.  The  ob 
tion  is  at  once  evident  that  the  teeth  are,  in  a  physiolog 
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lubordinate  a  part  of  the  body  to  j 
■ling  attached  to  their  structure  i 
■■'  !i  question.     There  aie,  however,  good  i 

^i.inent  consideration  of"  the  structure  of  the  tee 
.,  ia  with  perfect  correctneaa  and  propriety  that  8 
tic  zoolo^sta  have,  for  more   than   a  century,   given 
il    weight    to    this  character   in   sjatematically   dia- 
lling and  arranging    the   nianimalian  orders.     The 
.  furm,  and  disposition  of  the  teeth  are  tmnsmitted 
more  accuratL'ly  within  the  resjiective  orders  of  the 
uials  than   are   most  other  zoological   characteristics, 
rtmcture  of  the  human  teeth  ia  well  known.     In  raatu- 
iJEie  are  32  teeth  in  our  jaws,  and  of  these  32  teethe  i 
^kt-teeth,  4  canine-teeth,  and  SO  molar-teeth.     Tha  I 
^|ptt-teeth  or   incisors  (denies  iacinivl),  which   arel 
Hff  in  the  centre  of  the  jaws,  exhibit  characteristic  I 
■ences  in  the  upper  and  lower  jaw.     In  the  upper  tha  1 
}  larger  tbau  the  outer  j  in  the  lower  jaw, 
lontrary,  the  inner  incisors  arc  smaller  than   th*^ 
Hext  to  these,  on  each  side,  both  in  the  upper  and 
',  i«  a  comer-tooth,  which  is  larger  than  the  iu- 
I  80-called   eye-tooth,   or  canine  {ildna  ctmimca).  . 
B  tbia  tooth  becomes  very  prominent  in  Men,  as  in  | 
I  ftnd  many  other  Mammals,  and  forms  a  sort  of  j 
lally,  next  to  this,  on  each  side,  and  in  each  jawj  I 
1  five  back-teetli,  or  molar-toeth  (ilentes  luolares);  I 
Lthe  two  foremot^  (the  bicuspid  teeth)  are  small,  J 
I  a  single  fang,  and  are  subject  to  the  cliange  oC| 
^v  the  three  hinder  molars  are  much  larger,  have 
^  and  do  not  appear  till  aft«r  the  temporary  teeth 
t  shod  (so-called  "grindera").     The  Apes  of  the 
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Old  World  have  exactly  tliis  human  structure  of  the  teeth,— 
all  Apes  which  have  as  yet  been  found,  either  living  or  a 
fossils,  in  Africa^  Asia,  and  Europe.  All  Apes  of  the  New.; 
World,  on  the  contrary,  all  American  Apes,  have  an  eztnij 
tooth  on  both  sides  of  each  jaw ;  this  is  a  biscupid  tootlk 
Thus  they  have  six  back-teeth  on  both  sides  of  each  jaw, — 
in  all,  thirty-six  teeth.  This  characteristic  difference  be- 
tween the  Eastern  and  Western  Apes  has  been  so  constantly 
transmitted  within  the  two  groups,  that  it  is  of  the  greateBk 
value  to  us.  A  small  family  of  South  American  Apes  dwB, 
indeed,  appear  to  form  an  exception  in  this  respect.  Tho 
pretty  little  Silk  Apes,  or  Marmosets  (Hapalida),  namely,  to 
which  the  Brush-monkey  (Midas)  and  the  tufbed  Marmoset 
(Jaccftus)  belong,  have  but  five  back-teeth  in.  each  half  of 
the  jaw,  instead  of  six,  and,  accordingly,  seem  to  ajiproad 
nearer  the  Eastern  Apes.  But  on  closer  observaticii  it 
is  found  that,  like  all  the  Western  Apes,  they  haiV8»tt0 
three  biscupids,  and  that  the  hindmost  grinder  haS'.hiM 
lost.  Thus  this  apparent  exception  confirms  the  valikeof 
the  distinction. 

Among  the  other  marks  by  which  the  two  main  groups 
of  the  Apes  are  distinguished,  the  structure  of  the  nose  is 
specially  important  and  prominent  In  all  Old  World  Apes 
the  structure  of  the  nose  is  the  same  as  in  Man ;  namely,  a 
comparatively  narrow  partition  of  the  two  halves,  so  that 
the  nostrils  are  directed  downwards.  In  a  few  Eastern  Apes,  1 
the  nose  projects  as  prominently  and  is  as  characteristically 
formed  as  in  Man.  We  have  already  called  attention, 
in  this  respect^  to  the  remarkable  Nose-ape  (Se7nn<h 
pUhecua  Tuisicua),  which  has  a  well-curved  and  long  nose 
(Fig.  202).    Most  of  the  Eastern  Apes  have,  it  is  tme,  a 
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wlut  fi&tter  nose,  as,  for  instance,  has  the  white-nosed 
nA  (Cercopt(A°ciM  petauri^a,  Fig.  203);  yet  in  all  the 
tftioQ  of  the  nose  is  narrow  and  thia  On  the  contrary. 
I  Ameriean  Apes  have  a  ditforent  nasal  structure.  In 
I,  the  partition  is  peculiarly  broadened  and  thickened 
',  and  the  wings  of  the  nose  are  not  developed,  in  eon- 
w  of  which  the  nostrils  are  not  below,  but  are 
outwards.  This  characteristic  difference  in  the 
dure  of  the  ntise  has  also  been   so   accurately  trans- 


—  Umd  of  ?io«e.ape  (Snnmjpil/iecmJUMiciiii). 

— Tbe  wbirc-nosed  Sen-cat  {Cercopilluciii  ptlauTiiln) . 


niitted  in  both  giitups,  tliat.  on  account  of  it,  the  Apes  of 
the  New  World  have  been  called  Flat^nosed  (Platyrhince), 
I  tiiow  of  the  Old  World  Narrow-nosed  {Catarkince). 
i,  on  the  average,  inferior  in  organization. 
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The  division  of  the  order  of  Apes  into  two  aub-onla^ 
the  PlalyThintB  and  tlie  CcUarhince,  is,  on  ftecount  of  tb« 
constant  hereditary  characters,  now  generally  accepted  bj 
zoologists,  and  receiver  much  support  from  the  geographicsl 
distribution  of  the  two  groupa  between  the  New  and  Old 
Worlds.  From  this  follows  the  direct  inference,  very  im- 
portant in  its  bearing  on  the  Phytogeny  of  Apes,  that,  from 
the  primaeval  common  parent-form  of  the  Ape-order,  two 
diverging  lines  branched  out  at  a  very  early  period,  ow  of 
which  spread  over  the  New  World,  tho  other  over  the  Old. 
It  is  certain  that  all  tlie  Flat-nosed  Apes,  on  the  one  hand, 
are  descendants  of  a  common  pareat-form,  and,  on  the  othw 
hand,  all  the  Narrow-nosed  Apes  fnna  ano,ther. 

Ad  inference  concerning  our  own  pedigree  may  be  drawn 
from  this.  Han  has  exactly  the  same  characters,  the  same 
peculiar  formation  of  the  teeth  and  nose,  as  all  the 
Catarhime,  and  is  aa  thoroughly  distinguished  by  the« 
characteristics  from  the  Flatyrhinie.  We  ore  therefore  com- 
pelled, in  classifying  the  Primates,  to  assign  to  Man  a  place 
in  the  Narrow-nosed  group.  The  bearing  of  this  on  our 
tribal  history  is,  that  Man  is  immediately  related  in  blood 
to  the  apes  of  the  Old  World,  and  may  be  traced  from  a 
parent-form  common  to  all  other  Catarhinse  also.  Man  is 
a  genuine  Narrow-nosed  Ape  in  his  whole  structure  and 
in  origin,  and  has  descended  from  some  unknown,  extinct 
Catarbine  form  in  the  Old  World,  On  the  other  hand,  the 
Apes  of  the  New  World,  the  Flat-nosed  group,  constitute  a 
diverging  branch  of  our  family  tree,  and  stand  in  no  near 
genealo^cal  relation  to  the  human  race. 

We  have  now  reduced  the  circle  of  onr  nearest  allia 
to  thd  small  group,  containing  comparatively  few  fortn^ 
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b  ia  represented  Ly  the  sub-order  of  the  Narrow-nosed, 
Issteru  Apes.  FiDally,  the  question  whicli  now  re- 
I  to  be  answered  is — what  position  in  this  sub-order 
I  be  assigned  to  Man,  and  whether  othiir  inferences  an 
e  stnicture  of  our  immediati;  ancestors  may  be  drawn 
Uiis  position.  The  comprehensive  and  acute  researches 
the  Compai-ative  Anatomy  of  Man  and  the  various 
thiniP,  which  Huxley  has  recorded  in  his  work  on  the 
dencc  as  to  Man's  Place  in  Nature,"  are  of  tlie  greatest 
i  in  furnishing  the  answer  to  these  important  questions. 
inevitable  conclusion  is,  that  the  difference  between 
aod  tlie  highest  Narrow-nosed  Apes  (the  Gorilla,  Chim- 
eo,  Orang)  ia  slighter  in  every  inspect  than  the  coire- 
ding  differences  between  the  highest  and  the  lowest 
rhines  (the  Sea-cat,  Macaque,  Baboon).  Even  within 
small  group  of  the  Tail-lesa  man-like  Apes  {A-ntkro- 
e»)  the  several  genera  do  not  differ  less  from  each  other 
they  do  from  Men.  ThU  is  seen  by  a  glance  at  the 
■tons  represented  here,  as  arranged  by  Huxley  (Figs. 
■208),  If  the  skull,  or  the  vertebral  column,  together 
1  the  rib-system,  or  the  anterior  or  posterior  members, 
ODiDpared ;  or  if  the  comparison  is  extended  to  the 
onlv  system,  the  cii^culatory  system,  the  brain,  etc., 
jtdid  and  unprejudiced  examination  always  results  in 
isanit!  conclusion,  that  Man  does  not  differ  more  from 
higher  Catarhines  than  the  extreme  forms  of  the  latter 
cocampte,  the  Gorilla  and  Baboon)  differ  from  each 
tt  We  can.  therefore,  complete  the  important  propo- 
a  already  quoted  from  Huxley :  We  may  take  what- 
■  Rjrstem  of  organs  we  will, — the  comparison  of  their 
iBcations  within  the  ranks  of  the  Catarhinie  leads  us 
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o  one  and  the  same  couclusiuu :  that  the  anatuuiical  ilit- 
btences  tliat  distinguish  Man  from  the  most  highly  developtil 
Sttariuiue  (the  Orang,  Gorilla,  Chimpanzee),  are  not  so  great 
H  (hose  which  separate  the  latter  from  the  lowest  Catarhinit; 
SeJb-cat,  Macaque,  Baboon). 

We  must,  therefore,  consider  the  proof  complete,  that  Man 
B  descended  from  other  Narrow-nosed  Apes  (Catarhinoi). 
Uthough  future  researches  into  the  Comparative  Anatomy 
4id  Ontogeny  of  tlie  existing  Catailiines,  as  well  bs  of  their 
loaail  relatives,  promise  ua  various  new  details,  yet  no 
iiture  discovery  can  ever  overthrow  that  important  pro- 
Motion.  Our  Catarhine  ancestors  must,  of  coui-so,  have 
Mssed  through  a  long  series  of  varied  forms,  before  Man 
imtlly  developed  as  the  most  perfect  form.  The  following 
Host  be  considered  as  the  most  important  advances  by 
jrbich  this  "  Creation  of  Man,"  hia  difierentiation  from  the 
nost  nearly  allied  Catarhine  Apes,  was  eSected :  Habituation 
w  upright  carriage  and,  in  connection  with  this,  the  greater 
liSerentiatioD  of  the  anterior  and  posterior  limbs ;  also,  the 
^el<^mect  of  articulate  speech  and  its  organ,  the  larynx ; 
uul  lastly,  and  especially,  the  more  perfect  development  of 
the  brain  and  its  function,  the  soul ;  sexual  selection  must 
bftve  exerted  an  extraordinarily  important  influence,  as 
Darwin  has  conclusively  proved  in  his  celebrated  work  on 
Bexiul  selection."" 

WiUi  reference  to  these  advances,  we  may,  among  oiu- 
Catarhine  ancestors,  distinguish  at  least  four  important 
uiceatral  stages,  marking  prominent  epochs  in  the  gi-eat 
[lifttoricol  process  of  the  origin  of  Man.  As  the  nineteenth 
ritage  in  the  human  pedigree,  next  to  the  Semi-apes,  we  may 
place  tito  oldest  and  lowest  Catarhine  Apes,  which  developed 
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iVom  the  foniier  l>y  the  formation  of  the  chai^acteristic  . 
eatarhinc  head,  and  by  the  })eculiar  modification  of  the 
teeth,  the  nose,  and  the  biiiin.  This  oldest  pai-ent-form  of 
the  whole  Catarhine  group  must,  certainly,  have  been 
thickly  covered  with  hair,  and  must  have  had  a  long  tail; 
was,  in  fact,  a  Tailed  Ape  {Menocerca,  Fig.  203).  They 
were  already  in  existence  during  the  earlier  part  of  the  j 
Tertiary  Epoch  (during  the  Eocene  Period),  as  is  shown  by 
fossil  remains  of  Eocene  Catarhines.  Among  extant  Tailed 
Apes,  the  Slender  Apes  (Seninojntheci)  are  perhaps  most 
nearly  related  to  this  parent-form.*®  ^ 

As  the  twentieth  stage  in  the  human  pedigree,  next  to  | 
these  Tailed  Apes,  we  must  rank  the  Tail-less  man-like  Apes  \ 
{Anthropo'uUs),  under  which  name  the  most  highly  de- 
veloped Catarhines,  thase  most  nearly  related  to  Man,  have 
l)een  grouped.  They  originated  from  the  Tailed  Catarhines, 
by  the  loss  of  the  tail,  the  partial  loss  of  their  hairy  cover- 
ing, and  the  further  development  of  the  brain,  the  latter 
being  indicated  in  the  preponderating  development  of  the 
brain-skull  over  the  facial  skulL  At  the  present  time  but 
few  forms  of  this  remarkable  family  are  in  existence ;  they 
are  distributed  into  two  different  groups,  an  African  and  an 
Asiatic  group.  The  African  Man-like  Apes  are  limited  to 
the  western  part  of  tropical  Africa,  but  are  probably  dis- 
tributed over  Central  Africa  in  several  species.  Only  two 
species  are  well  known:  the  Gorilla  (Pongo  gorilla,  or 
Gorilla  efngvna),  the  largest  of  all  Apes  (Fig.  207) ;  and  the 
smaller  Chimpanzee  (Pongo  troglodytes,  or  ETigeco  troglo- 
dj/tea),  which  may  be  seen  in  several  zoological  gardens 
(Figs.  206,  Plate  XIV.  Figs.  1,  2).  Both  the  Afncan  Man- 
like Apes  are  black  in  colour,  and  like  their  countrymen. 
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ITcgroe^  Tiavo  the  head  long  from  back  to  front  (doll-- 
:8phaUc).  Tlif  Asiatic  Man-like  Apes  are,  on  the  con- 
,  mostly  of  a  brown,  or  yellowish  brown  colour,  and 
Bve  tlic  head  short  from  back  to  front  (brachy cephalic), 
their  countiymen,  the  Malaya  and  Mongols.  The 
rest  Asiatic  Man-like  Ape  is  the  well-knowTi  Orang,  or 
ig-outang  (Fig.  128),  which  is  indigenous  in  tho  Sunda 
mds  (Borneo,  Sumatra),  and  is  brown  in  colour.  Two 
ucs  have  i-eccntly  been  distinguished :  the  great  Orang 
ktjrug  Orang;  Fig.  205, Plate  XIV. Fig.  3),  and  the  small 
[  [Satyrua  ■morio).  A  genua  of  smaller  Anthropoids 
Ig.  204),  tho  Gibbons  {Hylobatea),  live  on  the  main-land 
^Southern  Asia  and  on  tlic  Sunda  Islands ;  from  four  in 
^t  different  species  of  these  have  been  distinguished, 
bther  of  these  living  Anthropoids  can  be  indicated  as  the 
i  absolutely  mout  like  Man.  The  Gorilla  a]iproaches 
eat  to  Man  in  the  structure  of  the  hand  and  foot,  thi; 
mpanzce  in  important  structural  details  in  the  Nkull, 
>  Orang  in  the  development  of  the  brain,  and  tlie  Gibbon 
I  that  of  the  thorax.  It  is  evident  that  no  single  one  of 
e  existing  Man-like  Apes  is  among  the  direct  anccatom 
the  human  race ;  tbey  are  all  the  last  scattered  remnants 
\usi  old,  catai'bine  branch,  once  numerous,  from  which  the 
:  has  developed  as  a  special  bi-anch  and  in  a 
special  direction. 

Although  Man  {IIoTtid)  ranks  immediately  next  to  this 

..■ithropoid  family,  from  which  he  doubtless  directly  origin- 

L-.d^  yet  the  Ape-men  (Pitliecaiithropi)  may  be  inserted 

■re,  as  an  important  intermediate  form  between  the  two, 

.^id  aa  the  twenty-first  stage  in  our  ancestral  series.    In  tho 

"  Natural   History  of  Creation  "  {vol.   ii.  p.  293),   I   have 
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applied  this  name  to  the  speechless  FrimitivB  Hen  (il 
who  made  their  appearance  in  what  is  usually  calkd 
human  form,  that  is,  having  the  general  structuie  of 
(especially  in  the  differentiation  of  the  limbs) — but 
being  destitute  of  one  of  the  most  important  qualitiei^i 
Man,  namely,  articulate  speech,  as  well  as  of  the 
mental  development  connected  with  speech.  The  hitJM 
differentiation  of  the  larynx  and  of  the  brain  occasioned  1 
the  latter,  first  gave  rise  to  the  true  "  Man." 

Comparative  Philology  has  recently  shown  that  fl 
present  human  language  is  polyphyletic  in  origin,  Ik 
several,  and  probably  many,  different  original  langoag 
must  be  recognized,  as  having  developed  independently  £ra 
each  other.  The  history  of  the  development  of  languaj 
also  teaches  us  (its  Ontogeny  in  every  child,  as  well  as 
Phylogeny  in  every  race),  that  the  actual  rational  li 
guage  of  men  developed  gradually,  only  after  the  bo 
had  developed  into  the  specific  human  form.  It  is  e\ 
probable  that  the  formation  of  language  did  not  begin 
after  the  differentiation  of  the  various  species,  or  races 
men,  and  this  presumably  occurred  in  the  beginning  of  i 
Quatemaiy  Epoch,  or  the  Diluvial  Period.  The  Ape-m 
or  Alali,  were  therefore  probably  already  in  existei 
toward  the  dose  of  the  Tertiary  Epoch,  during  the  Plioc< 
Period,  perhaps  even  as  early  as  the  Miocene  Period.^®* 

Lastly,  the  genuine  or  speaking  human  being  (Ho7 
must  be  considered  as  the  twenty-second  and  final  sti 
in  our  animal  pedigree.  Man  originated  from  the  { 
ceding  stage  in  consequence  of  the  gradual  improvem 
of  inarticulate  animal  sounds  into  true  human  articul 
speech.    Only  very  uncertain  conjectures  can  be  formed 
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the  time  and  place  of  this  true  "Creation  of  Man." 
as  probable  that  Frimseval  Man  originated  during  the 
bttvial  Epoch,  in  the  torrid  zone  of  the  Old  World,  either 
liie  continent  of  tropical  Asia  or  Africa,  or  on  an  earlier 
itment  which  has  now  sunk  belowthe  surface  of  the  Indian 
Bkol,  and  which  extended  from  Eastern  Africa  (Madagas- 
r  and  Abyssinia)  to  Eastern  Asia  (the  Sunda  Islands 
d  Eastern  India).  In  my  "  Natural  History  of  Creation '' 
hapter  XXIII.  and  Table  XY.),  I  have  already  fully 
leoBsed  the  important  evidence  as  to  the  former  existence 
this  large  continent,  called  Lemuria,and  how  the  distribo- 
m  of  the  various  species  and  races  of  men  probably  took 
ice  firom  this  "  Paradise  **  over  the  surface  of  the  earth. 
i  the  same  place,  I  have  also  fully  discussed  the  inter- 
lations  of  the  various  races  and  species  of  the  human 


TABLE   XXIL 

Si»TEVtitc  Sdbtw  of  *bb  FiRioiis  iH  TBt  TuMt  Bistoar  o» 
Human  Eack. 
(Compare  Tftble  TIU.,  toL  L  p.  402.) 

riRST  MAItl  PEBIOD  IH  TBIBAL  HI8T0BT. 
n«  nutU  isMtUn  of  IbB. 
Tho  form  of  the  KDcoBton  of  man  is  oqual  to  the  aimple  individnal  of 
fint  order,  a  dngb  pUiUit. 

First  Stage  :  XotMron  8u1m  (Tig.  163,  p.  HE), 
The  anoeitorti  of  man  are  aingle,  living,  ilmpla  eftoda 

Seoond  Stage :  Amaba  SailM  (Fig.  167  p.  08). 
The  anoestocB  of  man  are  aingle,  liring,  ilmpIa  Mill. 

SECOND  MAIN  PBEIOD  IH  TRIBAL  HI8T0BT. 
The  maajr-odlod  PiimltiTi  Animal  Anoaaton  of  Kan. 
The  anoeston  of  man  consist  of  a  closely .tmited  aocietj  of  manj  h< 
genooDS  oolls ;  hence  their  farm-valne  ja  that  of  mdindualB  of  the  ■• 
oilier,  of  Idoifana. 

Third  Stage ;  flTnamaba  SaiiM  (Fig.  170,  p.  fiS). 
The  anoestora  of  man  am  mony-oelled  primitiTe  »niinni«  of  the  aimj 
kind !  edid  massei  of  simple,  homogeneons  oella. 

Fourth  Stage :  HaiUM  BwiM  (Figs.  172, 173,  p.  GO). 
The  anoeatora  ot  man  are  manj-colled  primitive  animals  of  a  «han 
like  that  of  the  Magoiphaira  and  oertaiu  plannla-larvai,  of  eqnal  tsok 
the  ontogenetio  Blaitnla  or  BlatUofhrnra  t  holloir  spheres,  the  wall  of  n 
conHiata  of  a  tingle  atratnm  of  oiliated  oelta. 


I 


StSTEMATIC  SCRVEY  OF  TIIE   HUlLiS   KACE. 


THIRD  MAIN  PEHIOD  IN  THIBAL  mSTOKY. 


Tbc  InTMtabrUe  Intaidiwl  Animal  Aaentott  of  Kul 

D  liBve  tlici  form-TuIno  of  iiKliridiulB  of  tlic  third 
wAa,  of  inartliraUiM  indiTidn&li.    Tha  bod;  cutlosRn  an  ioteBtmal  csTity 


rtth  a  mooUi,  and  oonsists 
t  toar  aecondarj  gBrm-lnf  c 


It  lU'at  of  two  primary  gecm-lajetS)  afteovnrda 


Fifth  Stage :  Dutraa  Beriw  (Figs.  17't-17i).  p.  GEi). 
Ttiiliie  anil  Btniutoro  of 


1  of  umn  liavo 
rhe  body  coniJBtB  merely  of  a, 
•  formed  of  the  two  prinuiry  gcrm-loycrs. 


Sixth  Stage  :  Chardoniun  Barin  (Figa.  I8I-I88,  p 


D-M). 

rs  of  man  aru  wORnl :  at  fint,  primitive  worme, allied  to  chi^ 
Titftetliiria;  af  terwards  Tvornia  of  Ligbcr  mnk,  Scolecido;  linatty,  ootochont- 
Uiimaln  with  tbo  argnnizatioii  if  iho  aacidioD  larvie.  Ths  body  is  cocIIIofihI 
3(  foor  ecrondary  germ.Iayen. 


k  FOURTH  MAIS  PERIOD  IS  TUIBAL  UISTORT. 

Th»  Taitvbiata  Anosstan  of  Man, 
'nut  anocttoTB  ot  man  arc  Tri'tcbmlcs,  and  thoir  form-Talna  is,  therefore, 
Uiat  of  u  knieiilatsd  iadiTidud,  or  ■  chain  of  matamara.  The  iilun.goiucii'y 
1*jtr  is  ipecialiicd  into  the  hom-p1at«,  medullary  tube,  and  primitive 
^diiey*.  The  ildn-Qbroiu  layer  haa  divided  into  the  leather-plate,  primitive 
'^atebrai  (maacolar  plate  and  akoloton-plate),  and  the  notoubord.  From 
Ue  inUBtinal-flbrouB  layer  originatea  the  bEurt  with  the  main  blood-vceaels 
Mod  tho  flesby  iDtoEtinal  wall.  From  the  in teBtioal -glandular  layer,  the 
Vfothelimn  of  the  inteatinal  tube  is  formed.    The  formation  of  n 


SerenUi  Stage :  Amania  Beriei  (Fig.  1S9 ;  PL  XI.  Fig.  IS). 

The  anceatare  of  man  are  ikoll  leas  TertebntM,  like  the  extant  Amphl. 
OXOM.  The  body  already  forma  a  chain  of  motamera,  several  primitive 
rertebm  having  aepBTsted  off.  The  head  is  not  yet  entirely  diatinot  from 
Jte  tnmk.  Tbe  mcdoltary  tube  has  not  sepocnted  iato  brain-bhiditers.  The 
teart  ia  very  aimple,  withoat  chambers.  The  eknll  is  still  wanting ;  as  are 
Jao  the  ]aw«  and  llmba. 
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Eighth  Stage:  ManioMaM  Udm (Fig.  190;  Fl.  XL  I1g.l6). 

The  anoestora  of  man  are  jaw-less  iknlM  antmali  (resembling 
devekyped  Xjiiaoldaf  and  PetromjBontsf).  The  nmnber  of  the  metamei 
inoreasiiig.  The  head  is  beooming  more  distinctly  diiferenliated  from 
tmnk.  The  anterior  end  of  the  medollary  tube  swells  into  a  bladder- 
stmotore  and  forms  the  brain,  which  is  soon  differentiated  into  fire  br 
bladders.  At  the  sides  of  these  appear  the  three  higher  organs  of  se 
The  heart  is  divided  into  aoricle  and  Tentride.  The  jaws,  limbs, 
swimming-bladder  are  still  wanting. 

Ninth  Stage :  Iflhihjoda  Seiiss  (Figs.  191, 192;  PL  XTL  and  XUI.). 

The  ancestors  of  man  are  flsh-Iika  skoUed  ^«<«»*if :  first,  Friod 
Fishsf  {SeHaehiij,  then  mnd-flihsi  (2>^m«iM(a),then  giUsd  ******H*nt  {Son 
The  ancestors  belonging  to  this  Ichthjoda  stage  develop  two  pairs  c^  liii 
a  pair  of  anterior  limbs  (pectoral  fins)  and  a  pair  of  posterior  limbs  (ven 
fins).  The  gill-arches  are  fonned  between  the  g^-openings,  and  from  ti 
are  formed  the  first  pair  of  jaw-arches  (npper  and  lower  jaws).  ' 
swimming-bladder  (Imigs),  liver,  and  pancreas  grow  from  the  intest 

Tenth  Stage  :  Amniota  Series  (Figs.  195-208;  Fl.  XIV.). 

The  ancestors  of  man  are  amnion-animals  or  gill-lass  veiteliiatss :  fi 
Frimitivs  amsiota  {Protamnia),  then  FrimitiTS  Tnaminali  (Monotrema);  m 
Fonohed  animals  {Marsupialia)  t  then  Semi-apes  {Pronmiw),  and,  Us 
Apes  {Simla).  The  ape-ancestors  of  man  are  first  tailed  Catarhinij  t 
tail-less  Catarhini  {Anthropoides),  then  speechless  Ape.men  (Alali),  and 
last  genuinci  speaking  men*  The  ancestors  belonging  to  this  amnioii 
series  develop  an  amnion  and  allantois,  and  gradoally  aoqnire  the  au 
mftiiftw  stmctore^  and  at  lost  the  specific  hnman  form* 
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TABLE    XXIII. 
ic  Snrre;  of  the  Pbjlogenclic  t'lasdificstion  of  Msmmftlx. 

I.  PrimtUvp  Muunul*  iVmiii 


WiTjypialia.  or 


Tofts)  PIwdU 


t,  Snol-UM  I  l-ong-r. 

PntiMim        .  Fiji  He 


BTackftam 
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TABLE    XXIV. 
Pedigree  of  MammaU, 


ElephantB 
I*roho8cidea 

Book  Conies 

Lamnungia 

I 


False-hoofed 

Clmlophora  Flai-nosed  Apes 
I  Platyrhina 

6nab)ing  ^Inimals ^ — 

Eodentia  ^prs 


fftan 

I  Bats 

Man-like  Apes    Nyetendes 
Anthropoides  \ 

I  Flying  Foxes 

Narrow-nosed  Apes    Pterocynes 
Catarhinm     Jl^ina  ftltinutls 

ChIropt«i» 


Sea  beast 
Pinni 


Whales 
Cetacea 


Fingered  animala  Simin 
Leptodactyla 


Land  beast 

Cami' 

Flying  Lemurs 

Ptmopls^ra     ISeasti 

I  Car 


I 


Sea-Cows 
SWenia  | 

^nSIjalC'famils 
Cetomorpha 


llgoofrli  Animals 
ITngolata 


•IHitfjout  iBecilms 
Indeoidiiata 


Lemurs 
Brachyta/ni 


I 


Toothless 
EdentcUa 

I 


Inse 
Long.footed  Iiu 
Macrotarai 


Semi-apes 
Proaimim 

Deciliuous  Animal 
Beddxiata 


I 


Flaoentalia 


Herbivoroos  Ponohed  Animals 
Marsupialia  hotanophiiga 


Carnivorous  Pouohed  Animals 
Maravpialia  zoophaga 


iPottchrli  Animals 
Beaked  Animals  luunnpialia 

Omitltostoma  I 


I 


Pi'Imitiye  Mammals 
Promammalia 

Gloacal  Animals 
Xonotrema 
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TABLE   XXV, 

Pedigree  of  Apes, 


JHan 
Homo 


Gorilla 
himpenaeo    Gorillu 
Sngeeo 


Alalns 


L 


Sfrican 


Qrang-Ontang 

Batyrua 


Gibbon 

Hylohates 


y 

Astatic 


|Kan«Itfte  Spes 


JC  Ap68 

^ida        Clntcb-tails 

ILaJbiidocerctk 
I. 


Nose  Apes 
Tall  Apes  Naaalis 

Semnopitheciis 


Sea  Cat 

Cercopithecu8 


Baboons 
CyjiocephaluB 

I. 


Flap-taila 
Aphyocerea 


[pt»  of  fi6o  QBotDi 
Flat-nosed 
PlalyrUM 


tZTaileli  ^prs 
Xonooeroa 


9pf8  of  ^Iti  QBorlH 

Narrow-nosed 

CatarhinB 


V 


PxodauM 


\ 


CHAPTER  XX. 

THE  fflSTORY  OP  THE  EVOLUIION  OP  THE  EPTOEIODS 

AND  THE  NERVOUS  SYSTEM. 

Animal  and  Vegotatire  Organ-syBtemB. — Original  Relations  of  theie  to  tks 
Two  Brimary  Germ-layers. — Sensory  Apparatus. — Constituents  of 
Sensory  Apparatus:  originally  only  the  Exoderm,  or  Skin-layer  i  after* 
wards,  the  Skin-oovering  specialized  from  the  Nerre-system. — ^DooUs 
Function  of  tho  Skin  (as  a  Covering  and  as  Oigan  of  Touch). — Outer 
8kiu  (Epidermis)  and  Leather-skin  (Cortum). — Appendages  of  the  Epi- 
dermis :  Skin-glands  (Sweat-glands,  Tcar-glands,  Sebaceous  Oland^ 
Milk-glands);  Nails  and  Hair. — The  Embryonic  Wool-covering. — ^Hair 
of  the  Head  and  of  the  Beard. — Influence  of  Sexual  SelecUon. — ^Anange- 
ment  of  the  Nerve-system. — ^Motor  and  Sensory  Nerves. — Central 
Marrow :  Brain  and  Dorsal  Marrow. — Constitution  of  the  Human  Brain : 
Large  Brain  {CerehrHtn)  and  Small  Brain  {OerebMum), — Comparative 
Anatomy  of  tho  Central  Marrow. — Germ-history  of  the  MedullMy-tube. 
— Separation  of  tho  Medullary-tube  into  Brain  and  Donal  Marrow. 
— ^Modification  of  tho  Simple  Brain-bladder  into  Five  Consecutive  Brain- 
bladders  :  Fore-brain  (Large  Brain,  or  Cerebrum),  Twixt-brain  ("Centre 
of  Sight "),  Mid-brain  ("  Four  Bulbs  "),  Hind-brain  (Small  Brain,  or  Cere^ 
heUum),  After-brain  (Neck  Medulla)^ — Yarious  Formation  of  the  Five 
Brain-bladders  in  the  various  Yertebrate  Classes. — ^Development  oJ 
the  Conductive  Marrow,  or  '*  Peripheric  Nervous  System.'* 

**  Hardly  any  part  of  the  bodily  frame,  then,  could  be  found  betta 
calculated  to  illustrate  the  truth  that  the  afamctural  diffiszenoea  betwea 
Man  and  the  highest  Ape  axe  of  leai  value  than  those  between  the  hjghoi 
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be  lower  Ap«i.  tti&ti  the  lumd  or  the  foot,  and  yet,  perhaps,  there  is  one 
which  enforces  the  same  caBclavon  in  a  still  more  striking  mannei — 
Itat  is  the  brain."— Ifan'i  Place  in  Nature,  p.  94  (1863). 
ii  if  ta  demQiiatnt«,  hj  &  Btrildng  oiample,  the  inipoaiibility  of 
Bg  any  cerebral  tmrtier  betw»3n  Man  and  the  Ajwb,  Natnro  boa 
Jail  OS,  in  the  latter  animaJs,  nith  an  nlaioat  complete  series  of  gm- 

e:  brains  little  higher  than  that  of  a  Rodent  to  br&ioB  little  la 
Man."— n.4  p.  «. 
itigations,  np  to  the  present,  have  ahowa  us  how" 
vhole  human  body  has  developed  from  an  entirely  simple 
oning,  from  a  single  simple  cell.  The  wliole  human 
as  well  as  the  individual  man,  owes  its  origin  to  a 
lie  cell.  The  one-celled  parent-form  of  the  fonuer  is,  even 
reproduced  in  tlie  one-celled  germ-form  of  the  latter. 
jnclusion,  we  must  glance  at  the  evolutionai-y  history  c 
separate  parts  which  constitute  tlie  human  body, 
matter,  1  must,  of  course,  restrict  myself  to  the  mot 
ral  and  important  outlines  ;  for  a  detailed  study  of  t 
itionary  history  of  the  sepai-ate  organs  and 
'  i.iccupy  too  much  apace,  and  would  demaQi 
I  >f  anatomical  knowledge  than  the  generality  of  my 
.  are  likely  to  possess.  In  considering  the  develop- 
uf  the  organs,  and  of  their  functions,  we  will  retain  the 
<A  previously  employed,  except  that  we  will  consider 
■I  jm-history  and  the  tribal  history  of  the  various  parts 
■  ■  body  in  common.  In  the  history  of  the  evolution  of 
iiunan  body  as  a  whole  we  have  found  that  Phylogeny 
rwliere  serves  to  throw  light  on  the  obscure  course  of 
gmy,  and  that  the  clew  afforded  by  phylogenetic  con- 

Ea  enables  us  to  find  our  way  through  the  labyrinth 
Je  facts.     We  shall  experience  exactly  the  same 
history  of  the   development  of  the  separate 
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organs ,  but  I  shall  be  compelled  to  explain  the  ontogei 
and  the  phylogcnetic  origin  of  the  organs  simultaneoi 
for  the  further  we  penetrate  into  the  details  of  ot( 
development,  and  the  more  minutely  we  study  the  o 
of  the  separate  parts,  the  more  dearly  do  we  see 
inseparably  the  evolution  of  the  germ  is  connected 
that  of  the  tribe.  The  Ontogeny  of  the  organs  is  intell 
and  explicable  only  through  their  Phylogeny ;  just  i 
germ-history  of  the  entire  body  (the  "person  ")  is  ren 
intelligible  only  by  the  history  of  the  tribe.  Each 
form  is  determined  by  a  corresponding  ancestral  form, 
is  as  true  of  the  parts  as  of  the  whole. 

In  endeavouring,  with  the  help  of  this  fundament 
of  Biogeny,  to  obtain  a  general  view  of  the  main  featr 
the  development  of  the  separate  organs  of  man,  we  m- 
the  first  place,  consider  the  animal,  and  then  the  vege 
organ-systems  of  the  body.  The  first  main  group  of  o 
the  animal  organ-systems,  is  formed  by  the  sensory  appi 
together  with  the  motor  api>aratus.  To  the  former  1 
the  skin-covering,  the  nervous  system,  and  the  organs 
senses.  The  motor  apparatus  consists  of  the  passive  t 
of  movement  (the  skeleton)  and  the  active  oi^gan 
muscles).  The  second  main  group  of  organs,  the  vege 
organ-system,  is  formed  by  the  nutritive  and  the 
ductive  apparatus.  To  the  nutritive  apparatus  b 
especially  the  intestinal  canal  with  all  its  appen 
together  with  the  vascular  and  renal  systems.  The 
ductive  apparatus  includes  the  various  sexual  organ 
germ-glands,  germ-ducts,  organs  of  copulation,  etc.). 

In  earlier  chapters  (IX.  and  X.)  it  has  been  state 
the  animal  organ-systems  (the  instruments  of  sensatic 
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lovoment)  proceed  especially  from  tho  outer  primai^ 
-layer,  from   the  skin-layor.      The  vegetative  organ-i 
ms,  on  the  other  hand  (the  instniinents  of  nutrition  and  I 
ihiction),  proceed  principally  fi-om  the  inner  primaiy  I 
-layer,  fi'Om  the  intestinal  layer.     Thi.s  radical  contrast  1 
ccn  the  animal  and  the  vegetative  spheres  of  the  bodyJ 
is  true,  by  no  moans  absolute  either  in  man  or  in  the-l 
T  animals ;  on  tho  contrary,  many  separate  parts  of  the* 
il  apparatus  (e.g.,  the  intestinal  nerve,  or  sympathetic)! 
iat<.'d  from  cells  which  have  pioceeded  from  the  ento-' 
;  and,  on  the  other  hand,  a  large  part  of  the  vegetativc 
■atus  (e.g.,  the  moiith-ca%'ity,  and  probably  the  greater 
c>f  the  urinary  and  sexual  organs)  is  formed  of  cells 
1  are  originally  derived  from  the  exodenn.     Moreover,j 
;  tiodies  of  all  tlie  more  highly  developed  animals,  thoj 
heterogeneous   parts  are  so  intermixed  and  blendird'f 
it  13  oUten  extremely  difficult  to  assign  its  true  soui-ct 
•h  one  of  the  constituent  parts.    But,  on  the  whole,  wel 
assume  as  a  ccilain  and  important  fact,  that  in  Man.r 
[1  all  high  animals,  the  greater  part  of  the  animal  oi^ns  J 
be  referred  to  the  skin-layer,  or  cxoderm ;  the  greatep  I 
of  the  vegetative  organs  to  the  intestinal  layer,  ori 
enn.     For  this    reason,  Baer  called  the   former  the  f 
kl   germ-layer,  the  latter,  the   vegetative   germ-layerJ 
il.ipp.  53and  106).   Ofcourse,  in  making  this  important^ 
iption,  we  pre-suppose  the  correctness  of  Baer'a  v 
ling   to   which    tlie   skin-fibrous    layer    (the    "flesh 
im  "  of  Baer)  must  have  originated  (phj-logenctically) 
the  exoderm,  and,  on  the  other  hand,  the  intestinal- 
•  layer  (Bacr's  "  vascular  layer  "J  from  the  entoderm. 
JJB  infhiential  view,  which  is  yet  much  disputed,  is,  v 
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TABLE    XXVI. 

Systematic  Surrey  of  the  Qrgan-STStems  of  tho  naman  BoAj. 

(N.B. — ^The  origin  of  the  separate  organs  from  the  fonr  seoondarj 
layers  is  indicated  by  the  Roman  nnmerals  (L-IY.)  :  I.  Skin-sensory 
II.  Skin-fibroos  layer;  m.  Intestinal-fibrous  layer;  lY.  Intestinal 
iilar  layer.) 


-J 

o 


'/5 


A. 

Sensory 
Apparatus 


B. 

Motive 
Apparatus 
Lawmotoriuui 


^\.  Skin-corering 
(^Derma) 

2.  Central   nerve- 
sjfltem 


r  Outer  ekin 
I  Leather  akin 


/Brain 
I  Spinal 


3.Mphericnerve.jB^^l«;S;;;j. 
system  I  luteaUnal  nervea 


4.  Sense-organs 
(Organa  $ensHum) ' 


Organ  of  touch  (akin) 
Organ  of  taate  (tongue) 
Orgui  of  smell  (nose) 
Organ  of  sight  (eye) 
,  Organ  of  hearing  (oar) 


'h. 


6. 


Muscle  -  system 
(active  motive 
organs) 


{^ 


Sldn  muscles 
Skeleton  muscles 


Skeleton-system  ( Vertebral  column 
(paiisive  motive  <  Skull 
organs)  ( Limb  skeleton 


Epidemih,  L 
Corinm,II. 

Encei^Mloa 
Medulla  spina] 

Nervi  oerebnl* 
Nervi  spinales 
Sympatbeticui 

Org.  tactus    \ 
Org.  gustus    I 
Org.  olfactus 
Org.  visus      I 
Org.  auditus  j 


Musculi  cutan 
M.  skeleti 

Vertebrarium 
Cranium 
Sk.  extremitat 


CO 

< 
O 
06 

o 

> 

H 

H 
Ui 

s 


c. 

NutriUve 
Apparatus 

yiUritorium 


D. 


(*t.  Intestinal  system  (  Digestive  organ 
(jGiUter)  \  Respiratory  organ 


8.  Vascular  system 
(^Organa  ctrcu- 
lationU) 


Body  cavity 
Lymph  vessels 

Blood  vessels 
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«iink,  securely  founded  on  the  Oastnila — that  most  impor- 
taat  of  all  th«  genn-formn  of  the  animal  kingdom — which 
*e  find  recurs  in  similar  funii  in  the  genn-hiatory  of  the 
iQOBt  diiferent  classes  of  animals.  This  significant  gemi- 
fiwm  points  uniniatakably  to  a  parent-fonu  (the  Gastnca) 
common  to  all  animals,  the  Protozoa  alone  excepted ;  in 
this  long  extinct  parent-fomi  the  entire  body  of  the  animal 
insisted  throughout  life  of  the  two  primary  germ-layers,  as 
a  yet  the  case,  for  a  short  time,  in  the  Oastnila,  In  Uie 
jastnea  the  simple  skin-layer  did  uctuaU;/  represent  all  the 
dUDoal  organs  and  functions,  and  the  simple  intestinal  layer, 
■D  die  other  hand,  all  the  vegetative  oi^ns  and  functions; 
Kttentially,  this  is  even  yet  the  case  in  the  Gasti-ula. 

In  studying  the  development  of  the  tirst  important 
iftft  of  the  animal  sphei-e,  the  sensory  appai'atus,  or  sen- 
orium,  wo  shall  now  find  how  well  adapted  this  Gastnca 
lieory  is  to  explain,  not  only  in  a  moiphological  but 
D  a  physiological  sense,  the  most  important  facts  in  tlie 
listory  of  evolution.  This  sensory  appai'atus  consists  of  two 
"ery  distinct  parts,  having,  apparently,  nothing  in  common : 
D  the  first  place,  the  extenial  skin-covering  (Dei-Tna), 
Dgether  with  its  appendages,  the  hair,  nails,  sweat-glands, 
tc ;  and,  secondly,  the  ner\'ous  system,  situated  internally. 
"he  latter  includes  the  centml  nei-vous  system  (brain  and 
pinal  chord),  the  pciipheiic  Liain-nerves  and  medullary 
tnea,  and  finally,  the  organs  of  sense.  In  the  fully 
aveloped  vertebrate  body  these  two  main  constituenta  of 
le  sensorium  aru  entirely  separate ;  the  skin  lying  entirely 
illy  on  the  body,  while  the  central  nervous  system 
ia,  and  quite  separate  from  the  former.  The  two 
1  merely  by  a  jxtrtion  of  the  peripheric  nenc- 
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system  and  of  the  sense-organs.  And  yet,  as  we  al 
know  from  the  germ-histoiy  of  man,  the  latter  is  dev( 
fi'om  the  former.  Those  organs  of  our  body  which  disc 
the  highest  and  most  perfect  functions  of  animal  life— 
of  sensation,  volition,  thought — in  a  word,  the  orgf 
the  psyche,  of  mental  life — arise  from  the  external 
covering. 

This  remarkable  fact,  considered  in  itself  alone,  sei 
wonderful,  inexplicable,  and  paradoxical,  that  the  truth 
fact  was  simply  long  denied.  The  most  trustworthy  en 
logical  observations  were  met  with  the  erroneous  stat 
that  the  central  nerve-system  develops,  not  from  the 
germ-layer,  but  from  a  special  cell-layer  lying  undei 
this.  The  ontogenetic  fact  would  not,  however,  yield 
now  that  Phylogeny  has  thrown  light  on  the-  subje< 
fact  seems  perfectly  natural  and  necessary.  Whe 
reflect  on  the  historic  evolution  of  mind  and  sense  acti 
we  must  necessarily  conceive  the  cells,  which  accor 
these,  as  originally  situated  on  the  outer  surface  < 
animal-body.  Such  externally  placed  elementary  c 
could  alone  directly  receive  and  deal  with  impressiom 
the  outer  world.  Afterwards,  under  the  influen 
natural  selection,  the  complex  cell-masses  which  had  b 
especially  "  sensitive  "  gradually  withdrew  into  the  she 
the  interior  of  the  body,  and  there  laid  the  first  found; 
of  a  central  nervous  organ.  As  differentiation  advi 
the  distance  and  distinction  between  the  external 
covering  and  the  central  nervous  system  detached  froE 
became  continually  greater,  and  finally  the  two  wen 
manently  connected  merely  by  the  conductive  peri] 
nervea. 
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This  view  is  fully  confirmed  by  tlie  results  of  Comparative 
ViiatTimy.  Comparative  Anatomy  sliowa  that  m&ny  lower 
ihU  possess  no  nervous  system,  although,  in  common 
■  liigiier  animals,  they  exercise  the  functions  of  sensation, 
x'htiun.and  thought.  In  the  Primitive  Animals  {Protozoti), 
vhidi  do  not  even  form  genn-layers,  of  course  Uie  nervous 
system,  like  the  skin-covering,  ia  wanting.  Even  in  tlie 
second  main  divi^ou  of  the  aiiinial  kingdom — in  the  Metazoa 
or  Inl«stinal  Animals — there  is  at  iirat  no  nervous  system. 
The  functions  of  these  are  performed  by  the  simple  cell- 
layer  of  tho  exoderm,  which  the  lower  Intestinal  Animals 
have  inherited  directly  from  the  Gastnea  (Fig.  209,  e).  This 
is  the  case  in  the  lowest  Plant  Animals  {Zoopky(a),  the  Gas- 
tnrada,  Sponges,  and  the  lowest  Hydroid  Polyps,  which  aif 
bat  little  higher  than  the  GastiiBads.  Just  na  all  the  vege- 
tative functions  of  these  arc  pcrfoimcd  by  the  simple  intes- 
tinal layer,  so  all  tho  animal  functions  are  discharged  by 
tlie  equally  simple  -skin-layor.  The  simple  cell  stratum  of 
tlie  exodemi  is,  in  these,  skin-covering,  motive  apparatus, 
and  nervous  system  simultaneously. 

Most  probably  the  nervous  system  was  also  wanting  in  a 

lar^ge  proportion  of  those  Primitive  Worms  {Archelm'vntltes) 

which  were  developed  directly  from  tho  Gastiieads.     Even 

those  Primitive  Worms  in  winch  the  two  primary  gerra-layera 

had  already  split  into  tlie  four  secondary  germ-layers  {Plate 

V.  Fig.  10),  seem  not  to  have  possessed  a  nervous  system 

i  net  from  tho  skin.    Tlie  skin-sensory  layer  must,  even  in 

long-extinct  Worms,  have  been  at  onco  skin-covering 

1  iKrrve-Byatem.     But  already  In  tho  Flat  Wonna  (Platd- 

»mtie«),&ad  e«peciaUy  in  tho  Gliding  Womis  ITurbetlai-in) 

•^jqT  all  exiatiog  forms  approach  nearest  to  the  Primitive 
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Worms,  we  find  an  independent  nerve-syBtem,  distinrt  ud 
separate  Irom  the  outer  skin-covering.    This  is  the  "uppa 


Yia.  S09.— Gastmla  of  GaGtropli.vfcmu  (Gutnmd-cliin). 

Fio.  810. — Transvertie  section  thrangh  m  •mbiyoiuo  Barth-iroTm  ; 
Bkin-Miuoiy  laTer )  hm,  akiii-flbroaB  layer ;  df,  iDtoatuud-BbrooB  Infer ;  ' 
iDteiUnal-glaDdular  lajer;  a,  inteitinal  cavity;  c,  body-cayitj,  or  CitJan 
II,  nerre-gsngUa ;  (t>  primitive  UdneyB. 

Fio.  211.— a  Gliding  Worm  (AhaMacirluin).  From  the  biaiD  or  np] 
tlirokt  ganglion  (if)  ncrvei  (n)  radiate  towarda  tho  skin  (/),  tlie  ejei  (a 
the  organ  of  •mell  (no},  and  tlie  month  («i) :  h,  teates ;  e,  ovaries. 
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tnglion,"  situated  above  the  throat  (Fig.  211, 3 ;  Plate 
^11,  )*i).  The  complex  central  nenous  system  of  all 
r  antmals  Laa  developed  from  tliis  aimple  rudiment. 
Iji  tlie  liiglitr  Worms,  e.g.,  the  Earth -worms,  according  to 
Kowalevsky,  the  earliest  rudiment  of  tlic  central  nervous 
ByBtdQ  (Fig  210,  n)  is  a  local  tliickening  of  ilie  skin- 
acnsoiy  layer  (/w),  which  aft«rwaitls ,  heconies  entirely 
■letached  from  the  hom-plate.  Even  the  medullary  tube  of 
Vertebrates  has  the  same  oiigin.  Fj-om  the  germ-history 
of  Man,  we  already  know  that  this  medullary  tube,  the 
commencement  of  the  central  ner\'ous  system,  originally 
•Jewlops  from  the  outer  skin -covering. 

Let  iiB  now  turn  aside  fi-om  these  very  intereating 
features  in  evolution,  and  examine  the  development  of  the 
later  human  skin-covering,  with  its  ban's,  sweat-glands,  etc. 
Plij-siologically, this  outer  covering  {derma,ov  trguvientum) 
plays  a  double  part.  The  akin,  in  the  fii-st  place,  forms  the 
}!(«eral  pi"otective  covering  {integiimcutwim,  commHite)  whicli 
wivei-s  the  whole  surface  of  the  body,  and  protects  all  i>ther 
jiarte.  As  such,  it,  at  the  same  time,  effects  a  certain  ex- 
change of  matter  between  the  body  and  the  surrounding 
atmoHpheric  air  (perspiration  or  Hkin-brcatlung).  In  the 
Mccond  place,  the  skin  is  the  uUIest  and  most  primitive 
sense-organ,  the  organ  of  touch,  which  etl'eets  the  sensation 
of  the  Hunounding  temperatui-e  and  of  the  pressure  or  re- 
sistance of  Ijodies  with  which  it  comes  in  contact. 

The  human  skin,  like  that  of  all  higher  animals,  conaiats 

Titially  of  two  distinct  parts;  of  tlio  outer-skin,  and  of 

:!i.'   underlying  leather-skiu.     The  outer-skin  (epidainis) 

simple  cells,  and  contains  no  blood-vessels 

It  develops  from  the  first  of  tliC  secondary 
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ji'iii-layera  from  the  skiii-sensory  layer,  and,  directly,  fii 

'  the  liorii-plate  of  the  latter.     Tlie  leatlier-skin  (coWkhi.), 

tbo  contrary,  comists  principally  of  connective  or  tib« 


Via.  2l2.--Uaa3ia 
ID  perpendicabw  boc 
(aftor  Ecker).  maab 
largod :  a,  homj-  sttalDl 
antei-slciii  (e]j><lerfiiul 
mnoouB  stnitam  at  m 
■kin;  e,  pupilliD  uf 
loatlier-gkin  (mrtmn)v 
blood-reaaeU  of  the  Utt 
c,/.  eicretoiy  duct*  of 
sivoBt.glamta  (s);  h, 
globolcB  of  the  teatlter' 
i,  ncire,  pMcing  obore 
a  touoh-lmdj. 


tiBsue,  contains  numerous  bloixl- vessels  and  nerves,  and  1 
a  differetit  origia.     It  devt'lops  from  the  outer  stratum  ( 
the  Becond  secondary  genn-layer,  from  the  skin-fibroua  l&yi 
The  leather-skin  is  mneh  thicker  than  the  outer-akin, 
its  deeper  part,  the  "  siibcittis,"  lie  many  masses  of  ft 
(Fig.  212,  h).     Its  upper  part,  the  true  "  cutis,"  or  papiUl 

[   layer,  forms,  over  neai'ly  tlie  whole  surface  of  the  bodjl 
number  of  microscopic  cono-sha|)ed  warts,  or  papiUii!,  i 

'  fit  into  the  overlying  epidermis  (c).     These  touch -warts,'.^ 
eensory  papillte,  contain  the  most  delicate  of  all  the  senno 

I  organs  of  the  skin,  the  "  corpuaciUa  taUua."    Ot^iec  i 
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motfUQ  merely  the  t«nnmal  loops  of  the  nutritive  blood- 
Teasels  of  the  skin  (cd).  All  these  difii;ii:nt  parts  of  tlie 
leather-iddn  originate,  by  diflei-entiation,  from  the  cells,  origi- 
nallj  homogeneous,  of  the  leather-plate,  the  outer  lamella 
itftlie skin-fibrous  layer  (Fig.ll'2,hpr,rol.  i.  p.  352;  Plates  IV. 
and  v.,  I;  Figs,  65-C9,  hf,  p.  277).'* 

Analogously,  all  the  coiiEtituent  parts  and  appendagoa  of 
the  outer-skin  (ttpUhrnil^)  originate,  by  differentiation,  from 
the  homogeneous  cells  uf  the  horn-plate  (Fig.  213).     At  a 


Fta.  Sly. — Cclla  ot  the  oiitcr- 
hunnw  embrjo  of  two  moiiUiB. 


ikJQ  (tpidtrmi*)  Ot 
(After  Kocllitor.) 


%*ery  early  period,  the  simple  cell-layer 
uif  thia  hom-plate  splits  into  two  dis- 
tinct sti-ata.  The  inner,  softer  sti-atuiii 
'Fig.  212,  b)  is  called  the  mucous  layer; 
the  outer,  harder  stratum  (a),  the  horn-layer  of  the  outer- 
akin.  The  surface  of  tliis  honi-layer  is  continually  worn 
sat  and  thrown  off;  new  cell-.'itrata,  produced  by  the 
growth  of  the  underlying  mucous  layer,  take  its  place. 
Driginally  the  outer-skin  foiins  an  entirely  simple  cover 
)ver  the  surface  of  the  body.  Afterwards,  however,  sundiy 
ippendages  develop  from  this  both  internally  and  ex- 
^enudly.  Tlio  internal  appendages  are  the  skin-glands; 
ihe  sweat-glands,  the  sebaceous  glands,  etc.  The  external 
ippen(!ages  are  hair,  nails,  etc. 

The  glands  of  the  skin-covering  are  at  first  merely 
olid  ]ilug-,shapcd  growths  of  the  outer-skin  (epidermia), 
vfaich  penetrate  into  the  tmderlying  leather-skin  {corlum) 
Jl-it).     A  canal  afterwards  forms  inside  these  solid 
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plugs  (2,  3),  either  owing  to  the  softening  and  breaking 
up  of  the  central  cells,  or  as  the  result  of  a  fluid  intenully 
secreted.  Some  of  these  skin-glands  remain  unbranched,  as 
for  instance,  the -sweat-glands  (e,f,g).  These  glands,  which, 
uecrete  the  sweat,  are  <tf  great  length,  their  ends  fonning  a 
coil ;  the7  never  branch,  however ;  and  the  same  is  to  be 
said  of  the  glands  which  secrete  the  fatty  wax  of  the  eais. 

Fic.  214.^ — Bodimenti  <rf  tetx-^kiA 
from  a  bninan  embiyo  of  fonr  montk. 
(After  Kwlliker.)  1.  Barlieatmdimendht 
Bliape  of  a  simple,  solid  plug.  2  uid  3.  fia- 
thor  dCToloped  mdimenti,  which  bnncb 
and  bocomo  hollow :  a,  a  solid  otUnMt; 
e,  cell-ooveriDg  of  the  hollow  ollihodt ;  /, 
rudiment  of  the  fibroas  coTering,  irkich 
aftorwards  rorma  the  loather.skin  imaS 
tho  glands. 

most  oilier  skin-glands  give  out 
shoots  and  branches,  as,  for  in- 
fitaiLCe,  the  tear-glands,  situated 
on  the  upper  eyelid,  which  secreto 
the  tears  (Fig.  214),  and  aiao  tlie 
sebaceous  glands,  which  produce  the  fatty  sebaceous  matter 
and  generally  open  into  the  hair-foUicles.  The  sweat 
and  sebaceous  glands  occur  only  in  Manunals.  The  tear- 
glands,  on  the  contrary,  ai'e  found  in  all  the  three  classes  of 
Amnion  Animals,  in  Reptiles,  Birds,  and  Mammala  They 
are  not  represented  in  the  lower  Vertebratea 

Teiy  remarkable  skin-glandH,  found  in  all  Mammals, 
and  in  them  exclusively,  are  the  milk-glands  (glanduUe 
mammaleB,  Figs.  215,  216).  They  supply  milk  for  the 
nourishment  of  tiie  new-bom  Mammal    Notwithstanding 
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Hieii-  extraordinary  size,  these  important  organs  are  merely 
L^iirf  wbac^us  skin-glands  (Plate  V.  Fig.  16,  md).  Tbe 
l:  is  produced  by  liquefaction  of  tlie  fatty  milk -cells 
iiJn  fihe  branched  milk-gland  pouch  (Fig.  2X5,  c),  just 
,  -  the  sebaceous  matter  of  the  tik'm,  and  tlie  fatty  matter 
of  the  hair  are  produced  hy  the  breaking  up  of  fatty 
sebaceous  cells  within  the  sebaceoiLs  .skiu-glandB.  The 
(■xcretory  passages  of  the  milk-gtanrls  enlarge  into  Kac-likc 
utlUc-ducts  (fc),  which  J^ain  become  naiTowcr  {«),  and  open 
through  from  sixteen  to  twenty-four  minute  apertures,  into 
the  nipple  of  the  breast.  The  first  rudiment  of  thi.s  large 
and  complex   gland  is  a  very  simple  conical  plug  in  the 


im,  XlS. — Tlic  broHst  of  the  remale  in  aMtfan :  r.  ;n^pc-Iike  gianilaliu' 
H ;  h,  aaUrged  millc.diiet* ;  a,  nsmnr  excroUn7  dnots,  openiog  thitmgli 

iple.     (Aflpr  H.  Mejpr.) 

~Uilk-g:lHn(l<  oF  n  DHw-lwru  labile):  a.  otiginnl  oontnl  gland  1 
M  of  tho  Uttor.     (After  l4iui(tu.) 
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of  the  ordinary  epidermic  cells.  Within  this  a  fim 
central  cellular  mass  of  conical  shape  soon  forms.  T 
increases  considerably  in  length,  detaches  itself  from  1 
surrounding  cellular  mass,  the  ''  i*oot-sheath/'  and  fina 
makes  its  way  to  the  outside,  appearing  above  the  on 
surface  as  a  hair-stem.  The  deepest  part,  buried  in 
skin,  the  hair  follicle,  is  tlie  root  of  the  hair,  and  is  s 
rounded  by  the  ix)ot-sheath.  In  the  human  embiyo 
first  hail's  make  their  appeai^ance  at  the  end  of  the  fi 
or  in  the  beginning  of  the  sixth  month. 

Duiing  the  last  three  or  four  months  befoi*e  birth 
human  embryo  is  usually  covered  by  a  thick  coating  of  (1 
cate  woolly  hairs.  This  embryonic  wool-covering  (lanv 
is  often  lost  during  the  last  weeks  of  embryonic  life,  a 
at  any  rate,  soon  after  bii-th,  when  it  is  replaced  by 
thinner  pennanent  hair-covering.  These  later  peiman 
hairs  gi*ow  out  of  hair  follicles  which  are  developed  ft 
the  root-sheaths  of  the  deciduous  woolly  hair.  In 
human  embiyo,  the  embiyonic  woolly  hair  usually  cov 
the  entire  body,  with  the  exception  of  the  palms  of  i 
liands  and  the  soles  of  the  feet.  These  parts  remain  bt 
just  as  in  all  Apes  and  most  other  Mammals.  Not  \ 
frecj[uently  the  woolly  coat  of  the  embryo  differs  consideral 
in  colour  from  the  later  permanent  hairy  covering.  Tl 
for  instance,  it  sometimes  happens  in  our  own  Indo-Q 
manic  race  that  fair-haired  parents  are  shocked  to  f 
their  children,  at  their  fii'st  appearance,  covered  by  a  di 
brown,  or  even  black,  woolly  covering.  It  is  only  after  t 
has  been  shed,  that  the  permanent  fair  hair,  which 
child  inherits  from  its  parents,  makes  its  appearai 
Occasionally  the  dark  hair  is  retained  for  several  wee 
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-■■n    jnontha,   after    bii-tli.     This    remarkable   woolly 
:  ing  can  only  be  explained  as  an  inheritance  fiom  our 
■  iiiixrilial  long-haired  ancestors,  the  Apes. 

It  is  t-qually  worthy  of  note  that  many  of  the  higher 
■pes  rcseuibli)  Atan  in  the  thin  coat  of  hair  which  covers 
Btlttin  parts  of  tlieir  body.  In  most  Apes,  especially  in 
be  bigher  Catarlunes,  the  face  is  nearly  or  even  quite  bare, 
1"  is  covered  with  hairs  as  thm  and  as  short  as  those  of 
(an.  In  these  Apes  also,  just  as  in  Man,  the  hair  on  thi> 
*ck  of  the  head  is  usually  distinguished  by  its  length, 
ltd  the  males  often  have  much  beard  and  whisker.  (Cf. 
Jig.  202,  p.  175).  In  both  cases  this  masculine  adornment 
k«s  been  acquired  in  consequence  of  sexual  selection. 
il  8ome  Apes  the  breast  and  the  inner  sides  of  the  joints 
He  veiy  thinly  covered  with  hair — far  less  abundantly  than 
» the  back  and  the  outer  sides  of  the  joints.  On  the  other 
land,  wo  not  imfrequently  see  the  shoulders,  the  back,  and 
Ite  outer  sidos  of  the  limbs  thickly  covered  with  hair  in 
aen  of  Indo-Gennanic  or  Semitic  race.  It  is  a  well-known 
tct  that  in  some  families  abundant  hair  on  the  body  is 
lepctlitttiy.  as  is  the  relative  vigour  and  character  of  the 
lair-growth  of  the  beai'd  and  liead.  These  great  differences 
D  the  total  and  partial  hairiness  of  the  body,  which  appcsv 
'toy  striking  not  only  when  we  compare  different  i-aces  of 
QAO.  but  even  when  we  compaie  many  families  belonging 
0  the  same  raco.  aro  very  simply  explained  by  the  fact 
hat  the  entire  haiiy  covering  of  Man  is  a  mdimentorj- 
.rgan,  an  unused  inheritance,  which  has  been  transmitted 
root  the  more  hirsute  Apes.  In  this  matter,  Man  resembles 
lie  Elephant,  Rhinoceros,  Hippoputainus,  Whale,  and  other 
lAtumolii  of  various  oixlcrs  which   have  also   entirely  or 
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]>artiaUy  lost  their  original  coat  of  hair  in  consequence  of' 
adaptation.^* 

The  form  of  Adaptation  which  has  degraded  the  growth 
of  hair  on  most  parts  of  the  human  body,  whUe  preserving 
it,  or  even  greatly  developing  it,  on  certain  paiis,  was,  in  all 
probability,  sexual  selection.  As  Darwin  has  verj'  deady 
shown  in  his  work  on  "  The  Descent  of  Man,"  sexual  selec- 
tion has  had  especially  great  influence  in  this  respect.  In 
consequence  of  the  male  Anthropoid  Apes,  in  selecting  a 
partner,  preferring  those  females  which  were  least  haiiy, 
and  in  consequence  of  the  females  preferring  those  suitors 
which  were  distinguished  by  peculiarly  fine  beard  or  head* 
hair,  the  general  hirsuteness  of  the  body  was  gradually 
degraded,  while  the  beard  and  the  hair  of  the  head  were 
advanced  to  a  higher  degree  of  perfection.  Climatic  con- 
ditions, and  other  circumstances  unknown  to  us,  may, 
however,  also  have  pi-omoted  the  loss  of  the  hairy  coat. 

In  proof  of  the  assertion  that  the  hairy  covering  of 
Man  is  directly  inherited  from  the  Anthropoid  Apes,  we 
find,  according  to  Darv\'iu,  a  curious  evidence  in  the  direc- 
tion, otherwise  inexplicable,  in  which  the  rudimentarj* 
hairs  lie  on  our  arms.  Both  on  the  upper  and  on  the 
lower  arm  the  hairs  are  directed  towards  the  elbow,  where 
they  meet  at  an  obtuse  angle.  Except  in  Man,  this  striking 
aiTangement  occurs  only  in  the  Anthropoid  Apes,  the  Gorilla, 
Chimpanzee,  Orang,  and  several  species  of  Gibbons.  In 
other  Gibbons  the  hairs  of  both  the  lower  and  the  upper  arm 
are  directed  towards  the  hand,  as  in  other  Mammals.  This 
remarkable  peculiarity  of  Anthropoids  and  of  Man  can 
only  be  explained  on  the  assumption  that  our  common  ape* 
like  ancestors  were  accustomed,  as  they  are  even  now, 
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11^  rain,  to  bring  their  haii<ls  together  over  their  heads, 
iiiTT  a  branch  overhanging  their  heads.  The  revorso 
rtion  of  the  haii-s,  when  the  anns  were  in  this  position 
111  the  rain  to  nm  off.  Thus,  even  yet,  the  direction 
Mie  hairs  on  our  lower  ann  testifies  to  ttiis  advantageous 

i.;l'it  of  our  Ape-ancestors, 

If  the  skin  and  its  appendages  are  minutely  examined, 

' '  iiiiparative  Anatomy  and  Ontogeny  supply  many  similar 
'  i-tant  "  records  of  creation,"   showing  that  they  are 

■  tly  inherited  from  the  skin-covering  of  the  Ape.  We 
. lined  our  akin  and  hair  by  inheritance,  immediately 
■II  Anthropoid  Apes,  these  from  the  lower  Apes,  which, 

i-am,  inherited  the  same  parts  from  lower  Mammals. 
I-    is   aho  true  of  the  other  great  organ-system  which 

■  veloped  from  the  akin-sensory  layer — of  the  nervous 
i.rii  and  the  sensory  organs.  This  very  highly  developed 
III  system,  which  performs  the  highest  vital  functions — 

■  of  the  mind — we  have  inherited  immediately  from 

Apes,  and  metUately  from  Mammals  of  a  lower  order. 

The   human  nervous  system,   like   that   of   all    other 

iiiinals,  is,  in  its  developed  condition,  a  very  complex 

,1  latns,  the  anatomical  arrangement  and  the  physiological 

■-  ity  of  which  may,  in  general  terms,  he  compared  to  a 

L'vaph  system.     The  central  marrow  (medulla),  or  cen- 

aervous  system,  represents  the  principal  station,  the  in- 

I  rable  "ganglion  cells"  (Fig,  7,vol.  1.  p.  129)  of  which  arc 

TiLcted  with  ca«h  other  and  with  numerous  very  delicate 

ctmdtictiog  lines  by  their  branched  processes.     The  latter 

•re  the  peripheric  "  nerve  fibres,"  distributed  over  the  whole 

sorfiioe  of  the  body ;   these,  together  with  tlieir   terminal 

apparatus,  tlie  sense-organs,  etc.,  consUtute  the  "conductivii 

ofOL,  a.  B 
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marrow"  the  peripheric  nerve-syatem.  Some,  as  se 
nerve-fibres,  convey  the  sensations  of  the  skin  and  of 
8ense-organB  to  the  central  medulla ;  others,  as  motor  i 
fibres,  transmit  the  impulses  from  the  central  marrow 
milBfilrs. 


Fia.  217— Hnmtui 
of  tliree  montha,  in 
siie,  seeii  from  the  dors 
the  brain  uid  dorsal  : 
exposed  (oftec  Eoelliki 
bemiEpherea  of  the  ce 
(tore-bnun) ;  n,  "  four 
(mid-brain) ;  c,  sdiaII 
(hind-bTttin,  <^  ceiW 
Below  the  latter  : 
three-comered  "neck-mi 
(after-brain) . 

Fio.  218.— Central  i 
of  &  homan  embrjo  i 
niontbg,  ia  natural  six 
(mm  tbe  dorsal  aide 
Koellikor) :  h,  large 
Kpliereflj  V,  "four-bull 
finivll  brain  ;  mo,  neck-n 
Holow  this  the  dorsal  i 


m). 


The  central  ner\-ous  system,  or  central  marrow  (mt 
centralis),  is  tlie  actual  oi-gan  of  mental  activities,  i 
stricter  sense.  Whatever  view  is  taken  of  the  int 
connection  between  this  organ  and  its  functions,  it 
least,  certain  that  those  of  its  special  activities  whii 
call  sensation,  volition,  and  thought,  are  in  man,  as 
the  higher  animals,  inseparably  connected  with  the  n 
development  of  this  material  organ.  Hence  we  must  i 
earily  take  a  deep  interest  in  the  history  of  (ihe  develo] 
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-^  organ.    As  it  alone  can  give  us  the  most  inipoitaiit 

nation  as  to  the  nature  of  our  "  mind,"  it  coinmauds 

iLnwt  eameat   attention.     For  if  the   central  maiTow 

..'ps  in  the  human  embryo  exactly  as  in  the  embryos 

I  jther  Maminals,  then  the  development  of  the  human 

.  ,u  i.irgan  from  the  sami;  central  organ  of  other  Mammals 

.    ..  uiuro  remotely,  from  that  of  lower  Vertebi'ates,  cannot 

»  <[uestioned.     It  is,  therefore,  impossible  to   ilispute  the 

Bormoos  significance  of  these  phenomena  of  development. 

In  order  to  appreciate  these  rightly,  a  few  words  must 
bst  be  said  as  to  the  general  form  and  anatomical  construc- 
ion  of  the  developed  central  marrow  in  Man.  Like  the 
t^ntnil  oervotiB  system  of  all  other  Skulled  Animals  (Cra- 
,  it  consists  of  two  distinct  parts:  firstly,  of  the  brain 
.■  medulla  of  tlie  head  (encephalon,  or  tneduUa  ca- 
"iivj.  and,  secondly,  of  the  spinal  marrow  (viedidla  a/x- 
talU).  The  former  is  enclosed  in  the  bony  skull,  or  "  bmiu 
Bse,"  the  latter  in  the  bony  verteVtral  canal,  wliich  is  com- 
■oned  of  a  consecutive  series  of  vertebne,  shaped  like  signet 
ings.  (Cf  Plate  V.  Fig.  16,  tn.)  From  tlie  brain  proceed 
welve  paira  of  head  nerves,  from  the  spinal  marrow  thirty- 
De  pairs  of  medullary  or  spinal  nerves  for  the  remainder 
t  tbe  body.  The  spinal  man-ow,  when  examined  merely 
n&tomically,  appears  as  a  cylindrical  cord  with  a  spindle- 
baped  swelling  in  the  region  of  the  neck  (at  the  last  of  the 
Bck-vertflbno)  and  another  in  the  lumbar  region  (at  the 
ist  lumbar  vertebra.  Figs.  217,  218).  At  the  swelling  at 
le  throat  the  large  nerves  of  the  upper  limVis  pass  off  fi-om 
><-■  apiatd  marrow,  and  those  of  the  lower  limbs  from  tho 
11'^  in  tlie  lumbar  region.  The  upper  end  of  the  spinal 
■  .\v  passes  through  the  neck-morrow  (medulla  ohUm- 
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gata)  into  the  brain.  The  spin&l  marrow  appears  indeed  to 
be  a  dense  mass  of  nervous  substance ;  but  along  its  aa 
pasnes  a  very  narrow  canal,  which  is  continued  in  &ont 
into  the  larger  cavities  of  the  bnun,  and  which,  like  thou 
cavities,  is  filled  with  a  dear  fluid. 

The  brain  forms  a  considerable  mass  of  nervous  sub- 
stance, of  very  complex,  minute  stroctiure,  which  occupies 


Tia.  219, — Hunan  taiui, 
■een  from  the  lower  Eide. 
(After  H.  Ueyer.)  Abort  (in 
front)  is  the  luge  brain 
{cerebrBm),  with  eztemiTtlr 
hrsnobed  fnmiWB ;  below  (br- 
liind)  is  the  Hmall  brain  (cm- 
bfllum),  with  nnrrow  parallfl 
forrowB.  The  BonKin  nnmbns 
iDdicalci  thn  roots  of  tbc  twrlir 
poira  of  brain  ncrvM  in  Older 
from  front  to  back 


the  greater  part  of  the  skull-cavity ;  it  is  roughly  distin- 
guishable into  two  main  parts — ^thc  lar^  uid  small  brua 
{CBTehrum  and  cerebellum).  The  former  is  situated  in 
front  and  over  the  latter,  and  its  surface  exhibits  the  well- 
known  characteristic  convolutions  and  furrows  (Figs.  219, 
220).  On  its  upper  surface  it  is  divided  by  a  deep  longi- 
tudinal .slit  into  two  lateral  halves,  the  so-called  "great 
hemispheres,"  which  are  connected  by  means  of  a  bridge,  or 
"  cross-piece  "  (corpua  eaUosuvi).  A  deep  transverse  fissure 
separates  the  lai^  brain  (cereiyrum)  from  tie  small  hrair 
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ibdlwm).  The  latter  is  situated  move  posteriorly  i 
aorly,  and  shows  on  its  outer  sui-fave  equally  numei'Oi 
jws,  wliich  are,  however,  imicli  fiat-r  and  more  rejjiiUi 


re.  SIO.— Htimnn  liraiii,  bpc?ii  from  tlie  left  eide.  (After  H,  IteyoT.)  Tho 
tta  ol  the  Ini^o  bisia  ore  indioatud  hy  itage,  thick  linea,  those  of  tha 
tosin  lif  Goer  lioea.  Bolow  the  latter  tho  neck-mairow  Utifiible,  f-J', 
■1  coiFolatiaiis  i  Ca.  a  Ci.  p,  centriLl  conTclntionB ;  R,  GsBtue  of  Bal&n< 
8,  SjlnuifiaaDi«j  T,tempor&l  or  parallel  fissuro;  Pa, paiiota]  hibe ;  An, 
BDOOUuil  oonralutioiu ;  PO,  parieto-ocoipital  Hssnre  ;  Su,  soprarmaisiiiAl 
iMinil  IP,  intra'panetal  fissnre  i  t,  tomporo^sphenoidal  oonvolatioii. 

^B'een  them  are  curved  ridges  (Fig,  219,  lower  part). 
^^H  brain  is  also  dixndcd  into  two  lateral  halves  by  a 
IP^ir^'  furrow;  these  are  the  "small  hemispheres," 
A  are  connected  at  the  top  by  a  worm-like  cross-piece, 
"  brain-worm  "  (wi-hm's),  and  at  the  bottom  by  a  bridge 
tavarolii;  Fig.  219.  VI). 

IJomparativc  Anatomy  and  Ontogeny  show,  however,  that 

Tan,  ax  in  all  other  Skulled  Animals,  the  brain  originally 

not  of  two  but  of  five  distinct  parts   lying   one 

iiiuythcr.   These  originally  appear  in  tho  embryo  of  all 
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Skulled  Animals  (Craniota),  from  the  Cydostomi  and  Fiahei 
up  to  Man,  in  exactly  the  same  form,  as  five  hladden 
placed  one  behind  the  other.    Alike  in  their  first  rudimenti^ 
they,  however,  differ  in  their  further  development.    In  Ita 
and  all  higher  Mammals  the  first  of  these  five  bladders,  the 
fore-brain,  develops  so  excessively  that,  when  mature,  it 
fonns,  both  in  size  and  weight,  by  far  the  greater  part  of  thfi 
whole  brain.    To  it  belong,  not  only  the  great  hemispheres^ 
but  also  the  bridge  {corpus  callosum),  which  connects  the* 
two,  the  olfactory  lobes,  from  which  proceed  the  nerves  of 
smell,  and  most  of  the  processes  lying  on  the  roof  and  floor 
of  the  great  lateral  cavities  of  the  two  hemispheres ;  sad, 
for  instance,  as  the  large  streaked  bodies  (corpora  striata). 
On  the  other  hand,  the  "  centres  of  sight,"  which  lie  be- 
tween the  streaked  bodies,  belong  to  the  second  main  part, 
which  develops  from  the  twixt-brain ;  and  to  the  same  part 
belong  the  third  brain  ventricle  (which  is  single)  and  the 
l^rocesses   known  as   the    "funnel"   (inJuTidibulum),  the 
gray  mass,  and  the  "  cone  "  {conarium).    Behind  these,  and 
between  the  large  brain  and  the  small  brain,  we  find  a  little 
mass,  composed  of  two  pairs  of  bosses,  and  called  the  "four 
bulbs,"  on  account  of  two  superficial  furrows  which  cross 
each  other  at  right  angles,  thus  quartering  the  whole  mass 
(Figs.  217,  m,  218,  v).    Though  these  "  four  bulbs  "  are  very 
insignificant    in  Man    and    the   higher   Mammalia,    they 
constitute  a  distinct  part  of  the  brain,  the  third,  or  mid- 
brain, which  is,  on  the  contrary,  especially  well  developed 
in  the  lower  Vertebrates.     The  next  or  fourth  part  of  the 
brain  is  the  hind-brain,  or  small  brain  (cerebeUum),  in  the 
strict  sense  of  the  term,  with  its  single  middle  process, 
the  "worm  "  (vermis),  and  its  two  lateral  parts,  the  "small 
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Utmisplieres"  (Figs.  217,  c,218,  c).  Behiinl  this  comes,  finaJlj-, 
fce  fifth  and  last  part,  the  "  neck-nian-ow  "  (nmdulla  oblon- 
ffxta.  Fig.  218,  vw),  which  includes  the  single  fouiiJi  brain 
Ventricle  and  the  adjoining  processes  (pyi-amids,  olives,  and 
'estiform  bodies).  The  neck  medulla  passes  diix'ctlj'  down 
nto  the  spinal  marrow.  The  narrow  central  canal  of  the 
}dnal  marrow  extends  into  the  wider  "  fourth  ventricle  "  of 
lie  neck  medulla,  which  is  rhomhoidal  in  shape,  and  the 
loor  of  which  forms  the  "rhomlKiid  groove."  From  this 
■roceeds  a  narrow  duct,  called  the  "'  aqueduct  of  Sylvius," 
phich  leads  through  the  "four-bulbs  "  into  the  third  ven- 
ricle,  situated  between  the  two  "  centres  of  sight ; "  and 
his  cavity  in  turn  is  connected  with  the  pair  of  lateral 
Rvitiea  which  lie  right  and  left  in  ttic  lai;ge  hemispheres. 
^  the  cavities  of  the  central  man-ow  ai'e,  therefore,  directly 
onnocted  together.  Individually  all  these  parts  of  the  brain 
rliich  we  have  enumerated  have  an  infinitely  complex, 
ninute  structure,  which  we  cannot  now  study,  and  which 
tarxlly  bears  on  our  subject.  This  wonderful  brain-struc- 
nre,  as  it  occurs  only  in  Man  and  the  higher  Vertebrates,  is 
if  the  highest  importance,  simply  because,  in  all  Skulled 
^nimalH  (Craniofa),  it  develops  from  the  same  simple  rudi- 
oents,  from  the  five  bmin-bladders  already  enumerated. 
C£  Plates  VI.  and  VII.) 

Before  we  direct  our  attention  to  the  individual  develop- 
neDt  of  the  complex  brain  from  this  series  of  simple 
bladders,  we  will,  in  order  to  undei'stand  the  matter  more 
•learly,  glaucrf  for  a  moment  at  those  lower  animals  which 
lave  no  such  brain.  Even  in  the  skull-less  Vertebrates,  in 
lie  Amphioxus,  there  is  no  real  brain.  In  this  case  the 
whole  central  marrow  is  merely  a  simple  cylindrical  cord 
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traversing  the  body  longitudinally,  and  terminating  in  front  ^-'--^ 
almost  as  simply  as  at  the  other  end :  it  is  a  simple  medul- 
lary tube  (Plate  XI.  Fig.  15,  in).    We  found,  however,  tint 
the  rudiment  of  the  same  simple  medullary  tube  oocors  rt 
the  ascidian  larva  (Plate  X.  Fig.  5,  m)  and  in  the  same  ctarjc  cr-^ 
racteristic  position,  above  the  notochord     Moreover,  wka 
closely  examined  a  small  bladder-like  swelling  may  be  sett  J-^ 
at  the  fore  end  of  the  medullaiy  tube  in  these  two  dosdy 
allied  animals  ;  this  is  the  first  indication  of  a  separation  o( 
the  medullary  tube  into  brain  (7^1)  and  spinal  marrow  (wij. 
When,  however,  we  consider  the  undeniable  relationship  d 
the  Ascidia  to  the  rest  of  the  Worms,  it  is  evident  that  the 
simple  central  marrow  of  the  former  exactly  answers  to  tk 
simple  nerve-ganglion  which,  in  the  lower  Worms  lies  abo¥« 
the  throat  (pharyn^r),  and  which  has,  therefore,  long  been 
called  the  "  upper  throat  ganglion  "  (ganglion  ^iary7kgm% 
superius).     In  the  Gliding  Worms  (Turbdlaria)  the  whole 
nerve  system  consists  merely  of  this  simple  ganglion,  which  is 
situated  on  the  dorsal  side  of  the  body,  and  from  which  nerve- 
threads  radiate  to  the  different  parts  of  the  body  (Fig.  211,  jm). 
This  upper  throat  ganglion  of  the  lower  Worms  is  evidentiy  (: 
the  rudiment  from  which  the  more  comjJex  central  marrow 
of  the  higher  animals  has  developed.     An  elongation  of  the  J.^ 
upper  throat  ganglion  along  the  dorsal   side  gave  rise  to 
the  medullary  tube,  which  is  characteristic  of  Vertebrates 
and  the  young  forms  of  Ascidia  alone.    On  the  other  hand,  | 
in   all    other  animals,  tlie  central  nerve  system  has  de- 
veloped in  a  very  different  manner  from  the  upper  throat 
ganglion;  in  Articulated  Animals  (-4. rfAropoda)  especially, 
the  latter  has  developed  into  a  throat  (pharyngeal)  ring, 
with  a  ventral  maiTow ;  this  is  the  case,  also,  in  the  articu- 
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bJ Ringed  Worms  (Annelida)  and  JJie  Stai-ammals  {Echi- 
ienna),  which  originated  from  Aiihropods.  The  Soft- 
lied  AnimalB  {MoUuaca)  also  have  a  throat  ring,  which  13 
ite  unrepresented  in  Vei-tebmtea  Only  in  Vertebrates 
(  central  marrow  developed  along  the  dorsal  side,  while 
all  other  animals  which  have  been  named  it  developed 
ng  the  ventral  aide  of  the  body.'* 

Descending  below  the  Worms  wc  tind  very  many 
mals  which  are  entirely  without  a  nerve-system,  and  in 
ich  the  functions  of  that  system  arc  performed  simply  by 
outer  skin-covering — by  the  cells  of  the  skin-layer,  or 
derm.  This  is  the  case  in  many  low  Plant  Animals 
apliyta),  for  instance,  in  all  Sponges,  and  in  the  common 
h-water  Polyp,  the  Hydra,  It  was  also  undoubtedly  the 
)  in  all  extinct  Gastncads.  In  all  Primitive  Animals 
otozoa)  the  nervc-systum  is,  of  course,  unrepresented,  for 
K)  liavc  not  as  yet  attained  to  the  development  of  germ- 
fZS. 

In  confiideiing  the  individual  development  of  the  nerve- 
:em  in  the  human  embryo,  we  must  first  of  all  start  from 
important  fact  already  mentioned,  that  the  first  nidi- 
it  of  the  system  is  the  simple  medullaiy  tube,  which 
iches  itself  from  the  outer  germ-layer  along  the  middle 
I  of  the  lyre-shaped  primitive  gi«nn.  We  found  (Figa. 
■87,  vol  i  p.  298)  that  the  rectilineal  primitive  groove,  or 
sal  furrow,  first  arises  in  the  centre  of  the  lyre-shaped 
n-diwi  On  each  side  of  this  rise  the  two  parallel  dorsal 
neduUary  swellings.  The  free  margins  of  these  bend  to- 
^  each  other,  coalesce,  and  form  the  closed  medullary  tube 
pL  88-93, vol  i.  pp. 300-309).  At  firet  this  tube  lies  directly 
gf   the  hom-plato;   it  is,  however,  afterwards  situate 
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Fl09.  221-223,— LjTe-Hhnpeil  (ur  fiulL'-sJinpeill  gnm-sl 
'  tliree  couHCcative  Htagee  ot  evolation,  seen  from  the  dorwl  » 
twenty  times  snlargod.  Tig.  221,  with  six  pairs  of  prnnitira  1 
The  brain  n  simple  bladder  {W),  The  mednliMj  furrow  is  wide  a 
tho  pmnt  I,  Tct;  wide  at  ).  tnp,  Momiw  <or  modullnrit)  p1it«fl ;  i 
plates;  y,  bonadary  betweea  the  throat  cavity  {ih)  mid  the  hiad' 
{rd).  Tif^.  222,  with  ten  pairs  of  primitiTB  vertebnc.  The  brwn  o 
throe  bladders:  i',  fore-braiui  m,  niid-bntiD ;  A,  hiad-bnin. 
yeik.Teiaa.  The  modnllary  fairim'  jb  wide  oprn  behind  (■).  mp,  I 
plates.  Fi^.  2£3,  vrith  sixteen  pain  of  primitiire  Ttirtebno. 
uonaista  ot  Are  blndders:  v,  fore-brain;  i,  twixt-bnun ;  m,  nld-lii 
hind-bmin ;  n,  after.britin.    a,  Bye.TBHclos ;   j,  ear-t-eiiulw  | 
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internally,  the  upper  edges  of  the  primitive  vertebral 

which  penetrate,  from  right  and  left,  in  between  the 

'rn-jilate  and  the  medullary  tube,  uniting  above  the  latter, 

id  thus  completely  embedding  it  in  a  closed  canal.     As 

Bgenbaiir  most  aptly  remarks,  "  This  gradual  embedding 

the  interior  of  the  body  must  be  regarded  na  an  incident 
({aired  in  connection  with  progressive  diS'erentiation,  and 
ith  the  consequent  higlier  capacity,  by  which  the  most 
ipoTtant  organ  of  the  system  Is  secured  in  its  interior." 

To  every  thoughtful  and  unpi'ejudiced  man  it  must 
-pear  an  extremely  important  and  pregnant  fact,  that  oui* 
mtal  organ,  like  that  of  all  other  Skullod  Animals  (Cra- 
(rfa),  commences  in  the  some  way  and  in  exactly  the  same 
nple  form  in  which  this  organ  remains  for  life  in  the 
irest  Vertebrate,  the  Ainphioxua  (vol.  i.  p.  420.  Fig.  151; 
Kte  XT.  Fig.  1 5,  m).  In  the  Cyclostomi,  that  is.  in  the  stage 
ove  the  Acrania,  the  anterior  extremity  of  the  cylindrical 
idnllary  tube  I^egins  to  extend,  at  an  early  pciioJ,  in  the 
VI  of  a  pear-shaped  bladder,  which  is  the  first  distinct 
dimeot  of  a  brain  (Plate  XI.  Fig.  16,  mi).  For  the  central 
sduHa  of  Vertebrates  thus  first  distinctly  diSerentiates 
to  ita  two  main  sections,  the  brain  (iJi,)  and  the  spinal 
txtovr  (m,).  The  first  faint  indication  of  this  important 
fTerentiation  is  discoverable  in  the  Amphiosua,  perhaps 
en  in  the  Ascidian  larva  (Plate  X.  Fig.  5). 

The  simple  bladder-like  form  of  the  brain,  which  is 
bained  for  a  considerable  time  in  the  Cyclostomi,  also 
pears  at  first  in  all  higher  Vertebrates  (Fig,  221,  hb).  In 
B  latter,  however,  it  soon  disappears,  in  consequence  of 
3  separation  of  the  simple  brain-bladder,  by  transverse 
[ttnctioni)  cf  ita  circumference,  into  several  consecutive 
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parta    Two  of  these  contractions  first  appear,  and  < 
sequently  the  brain  forms  three  consecutive  bladders  ( 

^  c  Figs.  224-226.— CeDtnl 

%  T'  '^^  ^  himum  embryo  ii 

seventh  week,  two  cm. 

(After  KoeUiker.)     Fig. 

view  of  the  whole  embryo 

the  dorsal  side;  the  brail 

dorsal  marrow  laid  bare. 

225,  the  brain  and  upper 

of  the  dorsal  marrow  frog 

left  side.     Fig.  224,  the  brain  from  abovo :  v,  fore-brain ;  s,  twixt-l 

m.  mid-brain ;  h,  hind-brain ;  7i,  after-brain. 

222,  V,  m,  h).  The  first  and  third  of  these  three  prim 
bladders  then  again  separate  by  transverse  contract 
each  into  two  parts,  and  thus  five  consecutive  bladdei 
divisions  are  formed  (Fig.  223:  c£  also  Plate  V. 
13-lG  ;  Plates  VI.  and  VII.,  second  cross-line).  These 
fundamental  brain-bladders,  which  re-occur  in  the  same 
in  the  embryos  of  all  the  Skulled  Animals  (Craniota), 
first  clearly  recognized  by  Baer,  who  understood  their 
importance  and  distinguished  them,  according  to  their 
tive  positions,  by  very  appropriate  names,  which  are  st 
general  use  :  I.,  fore-brain  (v) ;  II.,  twixt-brain  (z);  IIL, 
brain  (in) ;  IV.,  hind-brain  (A) ;  and  V.,  after-brain  (n). 

In  all  Skulled  Animals,  from  the  Cyclostoini  to 
the  same  parts,  although  in  very  various  fonns,  de^ 
from  these  five  original  brain-bladders.  The  first  bla 
the  fore-brain  (protopsyche,  r),  forms  by  far  the  largest 
of  the  so-called  "  great  brain  "  {cerehrwin) ;  it  forms  the 
great  hemispheres^  the  olfiewtory  lobes,  the  streaked  b 
(corpcn^a  striata),  and  the  cross-piece  {corpus  callos 
together  with    the  "arch"   (fo^mix).     From  the  se 
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!■  r,  the  twixt-brain  (deutopst/die,  z,)  proceed  primarily 

■intrea  of  sight"  and  Uie  other  parts  wliich  surround 

>-eaI]ed   "third  brain -ventricle,"    also   the   "funnel" 

.: 'libulum),  the  "cone"  {conariuin),  etc.     The  third 

;ir.  the  mid-brain  (mempuj/cke,  m),  fumishea  the  small 

- 1  of  tlie  "  four  bulbs,"  together  with  the  "  aqueduct  of 

iH,"     From  the  fourth  bladder,  the  hind-brain  (meta- 

A),  the  greater  part  of  the  so-called  "little  brain" 

"II Hill)  develops;  the  central  "worm"  {verinis),  and 

two   lateral  "small  hemispheres."     The   fifth  bladder, 

naily,   thi>    after-brain    {epij)»i/c?ie,   n),   forma    the   neck- 

larrow,  or  the  "elongated  marrow"  (medulla  oblongata), 

i;:etherwith  the  rhomboid  groove,  the  pyramids,  olives,  etc. 

Ilie  very  highest  impoilance  must  certainly  be  ascribed 

■  tlio  fact,  seen  in  Comparative  Anatomy  and  Ontogeny, 

-1^  the  brain  is  originally  formed  in  exactly  the  same  way 

1  the  embryos  of  all  Skulled  Animals  (Craniota),  from  the 

nrest  Cyclostomi  and  Fishes,  to  Apes  and  Man.     In  all, 

le  first  rudiment  of  the  brain  is  a   simple  bladder-like 

Epannion  at  the  anterior  extremity  of  the  medullary  tube. 

a  all,  the  five  bladders  are  formed  from  this  simple  bladder- 

ke    expaJision,    and   in   all,   these  five   primitive   bi-ain- 

toddcra  develop  into  the  permanent  brain,  with  its  many 

unplox  anatomical  aiTangoments.  which  afterwards  appear 

1  snch  extremely  diverse  forms  in  the  various  vertebrate 

Biwnn       On  compai'ing  the   mature  brain  of  a   Fiah,  an 

jnphibian,  a  Reptile,  a  Bii-d,  and  a  Mannnal,  it  is  hardly 

moeivable  that  the  several  parts  of  these  forma,  so  ex- 

emuly  different,  both  internally  and  externally,  may  be 

■eed  back  to  one  common  condition.    And  yet,  all  these 

B  brains  of  Craniota  have  originated  from  exactly  the 
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same  rudimentary  form.  We  need  only  compare  fhe  em- 
bryos of  these  various  classes  of  animals  at  correspond! 
stages  of  development,  in  order  to  assure  ourselves  of 
fundamental  fact.  (C£  Plates  YI.  and  YIL,  second  cros- 
Une.) 


Fig.  227. — Brains  of  three  embryonio  Skalled  Animals  in  vertical  loogi* 
tndinal  sections :  ^,  of  a  Shark  (Heptanchus) ;  B,  of  a  Snake  {Coluher);  C,  of 
a  Goat  {Capra) ;  a,  fore-brain  ;  b,  twizt-brain ;  c,  mid-brain;  d,  hind-biaio; 
e,  after-brain;  s,  primitive  fissure  of  the  brain.     (After  Gegenbaor.) 

Fio.  228. — Brain*  of  a  Shark  (Scyllium)  from  the  dorsal  side :  g,  fore- 
brain  ;  h,  olfactory  bnlbs  of  the  fore-brain,  which  scud  the  large  olfactory 
nerves  to  the  large  nose  capsules  (o) ;  d,  twizt-brain ;  b,  mid-brain  (behind 
it,  the  insignificant  rudiment  of  the  hind-brain);  a,  after-brain.  (After 
Busch.) 

Fig.  229. — Brain  and  dorsal  maiTow  of  a  Frog :  A,  from  the  dorsal  side ; 
B,  from  the  ventral  side ;  a,  olfactory  bulbs,  in  front  of  the  fore-brain  (b) ; 
if  funnel  at  the  base  of  the  twizt-brain ;  c,  mid-brain ;  d,  hind-brain ;  s. 
rhomboid  groove  in  tlie  after-brain ;  m,  dorsal  marrow  (very  short  in  the 
frog) ;  m\  root-processes  of  the  spinal  nerves ;  t,  fibre  at  the  end  of  thf 
dorsal  marrow.     (After  Gegenbaur.) 
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^^^fcorougli  comparison  of  the  corresponding  stages  uf 
^^^pneot  in  the  brain  in  the  various  Skulled  AnimaU 
Wm^ola)  is  very  instructive.  If  it  is  applied  to  the  whole 
Mies  of  skulled  classes,  the  following  extremely  interest- 
»L'  facts  soon  become  evident:  in  the  Cyclostomi  (J/j/aji- 
'  -  and  Petrtymyzwites),  which,  as  we  have  seen,  are 
Invest  and  eai'liest  Skulled  Animals,  the  whole  brain 
.-uiaiiis  for  life  at  a  very  low  and  primitive  stage  of 
evelopment,  through  which  the  embryos  of  the  other 
knllod  Animals  pass  very  I'apidly;  the  five  original 
Mtions  of  the  brain  are  visible  throughout  life  in  an  almost 
nmodified  form.  But  even  in  Kshea,  an  essential  and 
nportant  transformation  of  the  five  bladders  takes  place ; 
>  is  evidently  from  the  brain  of  tlie  Primitive  Fishes 
Selachii ;  Fig.  228),  that,  on  the  one  side,  the  brain  of  the 
bhcr  Fishes,  and  on  the  other,  the  brain  of  the  Amphibians 
od  also  of  the  higher  Yertebrates,  must  be  traced.  In 
'iahv*  and  Amphibians  (Fig.  229),  the  central  part,  the 
lid-brain,  and  aho  the  fifth  section,  the  at^r-brain,  are 
specially  developed,  while  the  first,  second,  and  fourth 
iCtionB  remain  far  behind.  In  the  higher  Vertebrates,  the 
xactr  reverse  is  the  case,  for  in  these  the  first  and  foinih 
3CfeioD9>  the  fore  and  hind  brains,  develop  pre-eminently ;  on 
bu  other  hand,  the  mid-brain  remains  very  small,  and  the 
Aer-brain  is  ako  much  smaller.  The  greater  part  of  the 
Ibor-butbfi "  is  covered  by  the  largo  brain  (a'-rfbruin)  and 
be  after-brain  by  the  small  brain  {airfhdluTti).  Even 
OKtng  the  higher  Vertebrates  themselves,  numerous  grada- 
ions  occur  in  the  structure  of  Uie  brain.  From  the  Am- 
lubians  upward,  the  brain,  and  with  it  the  mental  life, 
svelops  in  two  different  directions,  of  which  the  one  is 
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carried  out  in  Reptiles  and  Birds,  the  other  in  TAanui 
The  latter  are  especially  distingoished  by  the  very  cha 
teristic  development  of  the  fiist  section,  the  fore-brm. 


Pio.  230.— Brain  of  Babbit:  A,  from  the  iloml  aide;  B,  ttat 
Tentnl  aido ;  to,  olfactory  lobalea ;  I.,  fom-brun ;  h,  hTpophjsis  at  th 
of  tho  twiit-brain  i  IIL,  mid-brain  i  IV.,  hind.brain;  V.,  after-brain ;  3 
nwTO  j  8,  motor  nerro  of  the  oye ;  6-8,  fifth  to  eighth  norvos  of  the 
la  A,  the  npper  anrfooo  of  tho  right  largo  homispbpre  (I.)  ia  remor 
that  the  etr(^Bke(i  bodies  {corpora  etriata)  con  bo  aeen  in  its  side  chi 
(ifntriculus  lateraUt).    (Attor  Gregonbanr.) 

Mammals  alone  (Fig.  230)  does  this  "  great  brain  "  dei 
to  such  an  extent,  that  it  eventually  covers  all  the  < 
parts  of  the  brain  from  above. 

There  are  also  remarkable  differences  in  the  rcl 
positions  of  the  bi-ain-bladdew.  In  the  lower  Sk 
Animals  the  five  brain-bladders  are  at  first  situated 
behind  the  other  in  the  same  plane.  If  the  brain  i 
garded  from  the  side,  a  straight  line  may  be  drawn  thr 
all  the  five  bladders.  But  in  the  three  higher  verte' 
classes,  in  the  Amnion  Animals  (Ainniota),  a  notic' 
curving  of  the  rudimentary  brain  takes  place,  Bimultanc( 
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'ith  the  head  and  neck  curving  of  the  whole  body,  owing 
>  tUt;  fact  that  tho  whole  upper  dorsal  surface  of  the  braiu 
r«W8  much  faster  than  the  lower  ventral  surface.  The 
teult  is  that  the  brain  is  so  curved  that  its  parts  are  after- 
■"urds  situated  thus :  the  fore-brain  lies  quite  in  front  and 
«low,  the  twixt-brain  somewhat  higher  and  over  it,  while 
bw  mid-brain  lies  highest  of  all  and  projects  fui-thest  for- 
ruii;  the  hind-brain  is  situated  lower,  the  after-brain  yet 
orther  back  and  below.  This  disposition  oceura  only  in 
be  three  classes  of  the  Amniota,  in  Reptiles,  Birds,  and 
riammals.     (Cf.  Plates  L,  VI.,  and  VIL) 

Though,  in  general  features  of  growth,  the  brains  of 
tfammals  correspond  with  those  of  Birds  and  Reptiles,  yet 
Iriking  differences  veiy  soon  appear  between  the  two. 
ji  Birds  and  Reptiles  (Plate  VI.  Figs.  H  and  0).  the  mid- 
min  (ni)  and  the  central  part  of  the  hind-brain  develop 
NlOBiderably.  In  Mammals,  on  the  other  band,  tliese  parta 
CDUun  small,  and  instead,  the  fore-brain  begins  to  grow 
ID  rapidly  that  it  covers  the  other  bladders  from  in  front 
tnd  above.  As  it  constantly  grows  further  back,  it  even- 
4iaUy  covers  the  whole  of  the  rest  of  tho  brain  above, 
md  also  encloses  the  central  part  from  tlie  sides.  This 
mwefis  ia  of  the  greatest  importance,  because  this  fore-brain 
e  Uie  oi^an  of  the  higher  mental  activities,^because  in  it 
bTC  aeoomplished  those  functions  of  the  nerve-cells,  the  sum 
>f  which  is  generally  designated  as  the  mind,  or  tho  "spirit" 
n  tlie  nairower  sense.  The  highest  activities  of  the  animal 
lody,  the  wonderful  manifestations  of  consciousness,  tho 
omples  phenomena  of  the  activities  of  thought,  have  their 
eat  in  the  fore-brain.  It  is  possible  to  remove  the  great 
ietnispheres  of  a  Mammal,  piece  by  piece,  without  killing 
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the  animal,  thus  proving  that  the  higher  mental  activitja, 
consciousness  and  thought,  conscious  volition  and  sensatJoB, 
may  be  destroyed  one  by  one,  and  finally  entirely  . 
hilated.  If  thc^  animal  thus  treated  is  artificially  fed,  it 
may  be  kept  ahve  for  a  long  time;  for  the  nourishment  of 
the  entire  body,  digestion,  respiration,  the  circulation  of  iht 
blood,  secretion,  in  short,  the  vegetative  functions,  are 
no  way  destroyed  by  this  destructicm  of  the  most  important 
mental  organs.  Conscious  sensation  and  voluntary  motioi, 
the  capacity  for  thought  and  the  combination  of  the  varion 
higher  mental  activitieH,  have  alone  been  lost. 

This  fore-brain,  the  source  of  all  these  meet  woodotftl 
nervous  activities,  reaches  that  high  degree  of  perfecti<m  on^ ! 
in  the  higher  Flacental  Animals  (Placentalia) ;  a  fact  vhidi ' 
explains  very  clearly  why  the  higher  Mi»ninn.lH  so  far  excel 
the  lower  in  intellectual  capacity.  While  the  "  mind"  of  tin 
lower  Placental  Animals  does  not  exceed  that  of  Birds  and 
Eeptiles,  we  find  among  the  higher  Flacentalia  an  oninter' 
rupted  gradation  up  to  Apes  and  Man.  Accordingly,  tJiur 
anterior  brains  show  surprising  difierences  in  the  degree  of 
perfection.  In  the  lower  Mammals,  the  surface  of  the  great 
hemispheres  (the  most  important  part)  is  entirely  amootii 
and  even.  The  fore-brain,  too,  remains  so  small  that  It 
does  not  even  cover  the  mid-brain  above  (Fig.  230).  One 
stage  higher,  and  this  latter  is  indeed  entirely  covered  I^ 
the  excessive  growth  of  the  fore-brain ;  bat  the  hind-biun 
remains  free  and  uncovered.  At  last,  in  Apes  and  in  Man, 
the  fore-brain  covers  the  hind-brain  also.  A  similar  gradual 
advance  may  also  be  traced  in  the  development  of  the 
peculiar  furrows  and  protuberances  which  are  bo  chanu- 
ieristically  prominent  on  the  surface  of  the  large  br»n 
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m)  of  lughei-  Mammals  (Figs.  219,  220}. 
the  various  manimalian  groups  are  compared  with 
to  these  convolutioiiB  and  furrows,  it  appears  that 
gradual  development  is  entirely  proportionate  with 
ivclopment  uf  the  higher  intellectual  activities.  Much 
ition  has  recently  been  devoted  to  this  particular 
of  the  Anatomy  of  the  brain,  and  very  striking 
ividual  (UfTerences  have  been  found  even  within  the 
race.  In  all  human  individuals  distinguished  by 
ability  and  great  intellect,  these  swellings  and 
on  the  surface  of  the  gre-at  hemispheres  oshibit  a 
ih  greater  development  than  in  common  average  men ; 
:le  in  the  Iatt«r,  t^in,  they  are  more  developed  than  in 
and  othoi-s  of  unusually  feeble  intellect.  There  are 
similar  gradations  in  the  internal  structure  of  the  fore- 
in  Mammals.  The  great  cross-piece  (corpvs  callosurn), 
islly,  the  bridge  between  the  two  great  hemispheres, 
<levelo])ed  only  in  Placental  Animals.  Other  arrangc- 
for  example,  m  the  structure  of  the  lateral  cavities, 
ich  seiim  primarily  to  be  peculiar  to  Men  as  such,  re- 
only  in  the  higher  species  of  Apes.  It  was  long 
/ed  that  Man  ha<l  some  entirely  peculiar  organs  in  the 
brain  (ceretrttm),  which  are  wanting  in  all  other  nniinulB 
Joae  comparison  has  shown  that  this  is  not  the  oaae, 
it  tliat  rather  the  characteristic  qualities  of  the  human 
brain  exist  in  a  rudimentary  state  even  in  the  lower  Apes, 
and  are  developed  to  a  greater  or  less  degree  in  the  higher 
Huxley,  in  his  important  and  much-quoted  book, 
^iKTidence  as  to  Man's  Place  in  Nature  "  (1863),  has  shown, 
moet  convincingly,  that  within  thp  Ape-series  the  di3*erence3 
the   formation   of  the   brain   are  greater  between  the 
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higher  and  lower  Apes  than  between  the  higher  Apes  ani 
Man.  This  statement  is,  indeed,  equally  true  of  all  Uie 
other  parts  of  the  body.  But  the  fiEkct  that  it  is  true  of  tb 
central  marrow  is  especially  important  This  does  mk 
become  fully  evident  unless  these  moiphol<^cal  fisMsts  aie 
considered  in  connection  with  the  corresponding  physio- 
logical phenomena;  until  we  consider  that  every  menUl 
activity  requires  for  its  complete  and  normal  exercise  the 
complete  and  normal  condition  of  the  corresponding  brain- 
structura  The  extremely  complex  and  perfect  actiTe 
phenomena  within  the  nerve-cells,  summed  up  in  the  word 
''mental  life,"  can  no  more  exist  without  their  organs  in 
the  vertebrates,  including  man,  than  can  the  circulation  of 
the  blood  without  a  heart  or  blood.  As,  however,  the 
central  marrow  of  Man  has  developed  from  the  same 
medullary  tube  as  in  all  other  Vertebrates,  so  also  must  the 
mental  life  of  Man  have  had  the  same  origin. 

All  this  is  of  course  true  of  the  conductive  marrow,  or 
the  so-called  "peripheric  nervous  system."  This  consists 
of  the  aeTiaitive  nervous  fibres  which  convey  the  impressions 
of  sensation  from  the  skin  and  the  organs  of  the  senses  in 
a  centripetal  direction  to  the  central  marrow ;  as  well  as 
of  the  Tnotor  nervous  fibres,  which,  reversely,  convey  the 
movements  of  volition  from  the  central  marrow,  in  a  cen- 
trifugal direction  to  the  muscles.  By  far  the  greater  part 
of  these  peripheric  conductive  nerves  originates  from  the 
skin-fibrous  layer,  by  peculiar  local  differentiation  of  the 
rows  of  cells  into  the  respective  organs. 

The  membranous  coverings  and  blood-vessels  of  the 
central  marrow  are  identical  in  origin  with  the  greater  part 
of  the  conductive  marrow;  these  membranous  coverings 
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aro  tlie  inner  mombrane  (jna  mater),  the  central  membrane 
nracknoides),   and   the    outer    membrane   {dura 
r).     All  these  parts  are  developed  from  the  akin-fibi-ons 


Gasirirada. 

^91m  enttrs  Hldn-Dovering  (inclndin^  the  nerroaa  ijBtom,  not  ^t  iliffar- 
entimted  from  it)  eonBirta  of  one  Bimple  lojer  of  eiliated  cells  (piodcrm,  or 
primary  aldo  ■  layer) ;    ae  it  ia  at  the  present  daj  in  the  gastmla  of  Iho 

n.  Second  Period !  Skit  oj  Primitive  Worm. 
The  simple  eiodenn  of  the  Gaitneod  has  thickened  and  split  inh)  two 
diitinot  Uyeri,  or  «ec<nidar;  germ-la;era  :  the  filda-seQaorf  layer  (radiment 
«l  the  born-plate  and  nerrC'SyBlem)  and  the  ikin-fihrona  layer  (rudiment  oF 
tbe  leather  akin  (Mn'um),  the  mnacle-plate  and  ths  akeletan.plate.  The 
•kin  ia  potcnti^y  both  ooTeriog  and  mind. 


ni.  Tkird  Period .-  Skin  0/  ChorJonia. 


felkjD-MnMl^y  layer  haa  differentiated  into  the  bom-plate  {epidemit), 
uentnl  marrow  (upper  throat  ganglia)  aepaiatod  from  it ;  the  latter 
t  intn  a  medullary  tnbe.  The  aldn-fibrons  layer  hue  diitereotiated 
into  tbe  leather  plate  (cerium)  and,  betow  thia,  tbe  akin-muicular  ponch  (as 
in  all  Woma). 

TV.  Fourfft  Period;  Skin  of  Acrunia. 
Tbe  born-pIato  jret  forma  b  aimple  Dpidcrmis.    The  leather-plate  ia  fully 
differentialoil  fivm  the  mntole  and  skeloUin  plat«g. 
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y.  Fiflh  Period :  Shin  t^  OyOottown. 

The  onter-Bkiii  remains  a  simple,  soft  mnooiiB  layer  of  cells,  Intftos 
one-celled  glands  (onp<^)ells).    The  leather^kin  (opn'y) 
cuti$  and  mi-cuCt «. 

YI.  Sixth  I'lgriod  :  Skin  <^  PrimiHve  Fi$he9, 

The  enter  sldn  is  still  simple.  The  leather  skin  forms  plaooid  scsks  or 
small  bonj  tablets,  as  in  the  Selaohii. 

YII.  Seventh  Period :  Skin  qfAn^hibia. 

The  outer  skin  differentiates  into  an  eater  hom-lajer,  and  an  inner 
mncons  layer.  The  ends  of  the  toes  are  coTered  with  homy  sheatlw  (fint 
rudiments  of  claws  or  nails). 

yni.  Eighth  Period :  Skin  qfMammaU. 

The  eater  skin  forms  the  appendages  charaoteristio  of  Mamm^u  qdIt; 
liair,  and  sebacooosi  sweat,  and  milk  glands. 


TABLE    XXVIII. 

Systematic  Sustet  of  the  most  important  Periods  nr  the  Phyloout 

OF  the  Human  Nertous  System. 

I.  First  Period :  Medulla  of  Qastrceads. 

The  nerve  system  is  not  yet  distinct  from  the  skin,  and,  together  with 
the  latter,  is  represented  by  the  simple  cell-stratam  of  the  exoderm,  or 
primary  skin-layer;  as  it  is  at  the  present  day  in  the  gastrola  of  tbo 
Amphiozos. 

n.  Second  Period :  Medulla  of  Primitive  Worme* 

The  central  nerve  system  is  yet,  at  first,  a  part  of  the  skin-sensory  layer, 
and  afterwards  consists  of  a  throat  medulla,  a  simple  nerve-ganglion  lying 
above  the  throat}  as  it  is  now  in  the  lower  Worms:  the  npper  throat- 
ganglion. 
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m.  Third  Period,  Medulla  0/ Chordonia. 
naiTO  BTatem  coDBists  of  a  simple   incdollai^  tnliP,  on 
le  apper  thnmt  ganglion,  vihich  u  sepluated  from  tho  intea. 
ochord  {elurrda  doriaiia). 

TV.  Fourth  Period  ;  afsdtilJo  ofAcrania. 
e  aUnple  racdnltaiy  tube  difftrentintea  iiilo  two  parts :  a  head,  and  o 

part.     Tho  head  medulla   resembles  a    Bmall,   pev-abaped,   simptii 
l|t  (Ui»  primilire  brain,  or  first  mdimont  of  the  brain)  on  tbo  autarior 

"■«!  the  Long  cyliDdrioal  Bpinal  manow. 

T,  Fifth  Period:  Medulla  0/  Cycloaloma. 

mile,  bladder-like  rndiment  of  the  brain  diridea  into  Gre  odd. 
In  of  simple  stfoctme. 

VL  Sixth  Perioa  .-  Medulla  of  Primitii-c  Fi«fies. 
p  br»ii -bladders  differentiate  into  a  form 
f  retained  bjr  tho  Selnchii. 

TIL  Bevmtli  Fa-iod  :  Mp-luUa  of  AmpliMa. 

m  of  the  Sve  bnuD-bladden  progreaseB  to  that  BtrnctomJ 
IT  oharaoteriBtic  of  the  brain  in  AnipUibia. 

Vin.  Eijhth  Period !  Medulla  of  Mammah. 


liar  to  that  now 


brain  attaioB  tbe  cbaracteristii!  peculiarities  distinotiTe  of  liammaTs. 
lloiring  may  be  diatiDguished  a^  anbordinato  BtagoB  of  deTelopment ; 
IiruD  of  MoDotramed  ;  2,  the  brain  of  Maradpials  ;  3,  the  brain  of 
ilies;  4,  tbe  brain  of  Apes;  r>,  the  brain  of  Mun.lika  Apes  1  6,  ths  1 
it  Apcineu ;  »iid  7,  Iho  Insin  of  Man. 
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TABLE   XXIZ. 

BTBtemaiio  Snryqr  of  the  Svolntian  of  the  Skbi-oorering  and 

NcKTB  8 jitenu 

XXDL  A.  Bnwwf  of  the  IvelntioA  of  the  fUa-eofferiaff. 


SUA 

(Dmna, 

or 
IMigumeiUwm) 


Ontcr-ddii 
iKpidermii) 
Product  of  the  SUn- 
^-lajcr 


Honi-lajcr  of  tbe  onUr 

( AralMM  Mmimi) 
Mocoiu    Uyw  of    tlw' 
outer  akin 


lisailier-ekiii 

Product  of  tbe  SUn- 
fU«ouioU7«r 


/Heir 
Nalli 

SwMtiilndi 
Teergbadt 
Sebeoeooi  dandi 

VMUkglaiidt 

'FIbRNM  Ujw   of  tfw^SSS?^'* 

leetlierikin  ^^^ 

(CMii) 
FeUj  leyer  of  the  leather' 

■Un 


Blood-TeeKle 
FeptlbB  of  teste  nd 
Denree      of      the 
.    IcetherikiB 


XXIX.  B,  Burvej  of  the  Xrolutlon  of  the  Ceatnl  Wunw* 


Central  Xerrow, 

or 

Ctaotrml  Verre 

SjitesK 

QPsyehe,  cf  JMuUa 
CbiiroKf). 

Product  of  the 

flkin-Miisorj 

lejer 


I.  Fore4)ndn 
{Proteptjfche) 


n.  TwlxUlireln 
(AnUqpfyeke) 


IILlfid-teBln 

(JHBfqpiyeke) 


IV.  Hiod-brein 
{Metapsycke) 


y.  After-bnln 
i^ptyche) 


/Greet  taemtroberee 
Olfactory  lobulee 
Ijateral  cbamben 
Stmkedbodiee 
Arch 

iCroes  piece 


(Ontre  of  eight 
Third  chamber  of  the 
brain 
Pineal  body 
Funnel 

/Four  bulbs 
A  Aqueduct  of  QylTliw 
tBrmin  stalks 

/Small  hemlspherei 
A  Brain  worm 
(.Brain  bridge 

(Pyramids 
Olives 
Reetiform  bodies 
Fourth  duunber  of  the 
brain 


JnEMunkftfCB  ccj  con 
LoM  oifaetorii 
VemtriemUlatamttt 
Oarpora  ttritUm 


VL  Dorsal  Marrow       JMaptyeht 


OorpuMcaUonm 

VentHcMimt  tertUa 
OomaHum 

Jto/iia^tltllMM 

Corpus  higemimm 
Jquaduehu  SfMi 
PtdumeuH  caibri 

SitMinhttm  oiTcbtu 
VerwUscertMU 
Pont  TtaroUi 

Corpora  pvramidal^ 
OoiTtora  divaria 
Oarpora  rest\formU 
VittUricmimt  foarttu 


MtiuUa  tpimtiit 


Kedvllirj 
eoreringi 


Enveloping  mem- 
branes, with  the 
nutritive  blood- 
vessels of  the  brain 
and  qjdnal  cord 


1.  Soft  medullarr  skin      Pia  mofsr 

2.  Central  medullary  aUn  Araeknoidm 

3.  Hard  medullary  skin     Dura  wtaUr 

(Products  of  the  skia-flbnai  Ujer) 


CHAPTER  XXL 

DKVELOPMENT  OP  THE  SENSE-ORGANS. 

Drigia  of  the  inort  bighlj  PiiriK'si''8  Sonao-organB  by  no  Preconceived 
Furpoce,  but  simply  by  Ntttaral  Selection.— The  Sii  Senae-organa  and 
the  Seven  SonBe-ftmctiona. — All  the  Sense-orgBna  originally  DavolopBd 
from  U;e  Outer  Bkin-ooveriDg  (from  the  Sldu-icosorj  Layer). — Organa 
of  the  PresBore  Sense,  the  Heat  Seiue,  the  Somal  Sense,  and  the 
T^jrte  Sanae.— Structure  of  the  Organ  of  Boeot. — The  Blind  Noae-pita 
«f  IHahec. — The  Nani  Furrows  change  into  Nawl  Canals. — Separation 
of  the  CaTities  o(  the  Nose  and  Month  by  the  Palate  Eoof.— Stmctnro 
of  the  Eye. — The  Primary  Eje  Veaiclea  (Stalked  Ppotnbeoinces  from 
Iho  Twirt-brain).— iDvcTBion  of  thia  Eye  Vesiole  by  the  Crjatallino 
Lens,  ieparal«d  from  Iho  Hora-plftte. — iDraraion  o(  the  Vitrooue  Body. 
— The  Voacniflr  Capsule  and  the  Fibrona  Capsule  of  the  Eyeball.— Ej6- 
lidB. — Structure  of  tha  Ear. — Tbo  Apparatoa  for  Perception  of  Sound  : 
tAbyrinth  and  Auditoty  Nerre. — Orig^in  of  the  Labyrinth  from  the 
PrimitiTO  Ear  Veiiclcs  (by  Separation  from  the  Hom-plale).— Condnrt- 
ing  Apparatus  of  Sound  :  Drum  Cavity,  Ear  Bouelets,  and  Dram  Mom- 
bnuie. — Origin  of  ihe«e  from  the  Fir^t  Gill-opening  and  the  Fbrta 
immodiately  round  it  (the  Firat  and  Second  Gill-arch). — Rudimentary 
Outer  Ear. — BudimeDtaiy  Mnscica  of  the  Ear-ibelL 


£•  bnCcny  of  djeveloprnt-nt  fDmishea  the  philoaopher  with  the  mateiiala 
•J  tot  tba  aocare  conatmction  of  a  system  of  orgonio  life.  Heuoe 
■1  and  phyaiological  ren&rohes  should  be  proaecuted  more  from  the 
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point  of  Tiew  of  doTclopment  than  is  now  the  case ;  that  is,  ire  shoo] 
each  organ,  each  tissae,  and  even  each  f  onctioa  simply  with  the 
determining  whence  they  have  arisen," — Exil  Hubcheb  (1832). 


The  sense-organs  are  undeniably  among  the  most  im] 
and  most  interesting  parts  of  the  human  body;  H 
their  activity  alone  we  recognize  the  objects  in  the 
around  us.  "  Nihil  est  in  inteUectu,  quod  non  prius  fi 
sensu."  They  are  the  true  springs  of  our  mental  life, 
other  part  of  the  animal  body  can  we  point  to  such  exi 
delicate  and  complex  anatomical  contrivances,  co-op 
for  a  definite  physiological  aim ;  and  in  no  other  par 
body  do  these  wonderful  and  very  apt  contrivances  £ 
first,  to  indicate  a  premeditated  creative  design  so 
sively.  Hence  it  is  that,  in  accordance  with  the  i 
teleological  view,  it  has  been  customary  to  admire 
called  "wisdom  of  the  Creator"  and  the  "purposi 
trivances  of  His  Creation  "  especially  in  this  mattei 
on  more  mature  consideration  it  will  be  observed  i 
Creator,  according  to  this  conception,  does  after  all  1 
the  part  of  an  ingenious  mechanic  or  of  a  skilful 
maker;  just,  indeed,  as  aU  these  cherished  tele 
conceptions  of  the  Creator  and  His  Creation  are  b 
childish  anthropomorphism. 

We  admit  that  at  first  sight  this  teleological  c 
tion  seems  to  afford  the  simplest  and  fittest  interp 
of  these  very  apt  contrivances.  If  the  structure  ai 
tions  of  the  very  highly  developed  sense-organs  a 
regarded,  it  seems  as  though  their  origin  is  hardly 
able  except  on  the  assumption  of  a  supernatural 
act.    But  it  is  exactly  on  this  point  that  the  hh 


ORGANS  OF  SESSE. 


23  » 


ion  proves  most  clearly  that  this  received  conccptionj 
cally  false.     The  history  of  evolution  convinces  us  thaiT 
;hly  purposive  and  admirably  constituted  sense  orgai 
1  other  organs,  have  developed  without  premeditated! 
hat  they  originated  by  the  same  mechanical  process  " 
,tural   Selection,   by   the   same   constant  interaction 
iptatioQ  and  Heredity,  by  which  all  the  other  pur- 
contrivances  of  the  animal  oi^aiiization  have  beea  J 
and  gradually  evolved   during  the   "  Struggle  fora 
nee." 

ce  most  other  Vertebrates,  Man  possesses  six  distinct 
of  sense,  which  accomplish  seven  distinct  sensations, 
xtemal  skin-covering  accomplishes  the  sensation  of  . 
re  (resistance)  and  of  temperature  (warmth  and  cold).  9 
1  the  eai'liest,  the  lowest,  and  the  least  differentiated  1 
of  sense ;  it  is  distributed  over  the  entii-e  surface  t^  I 
dy.  The  other  sensorial  activities  are  localized.  The! 
sense  is  limited  to  the  skin-covering  of  the  extemati 
organs,  just  as  the  sense  of  taste  is  limited  to  the  I 
s  membrane  of  the  mouth-cavity  (tongue  and  palate),! 
J.  sense  of  smell  to  the  mucous  membrane  of  the  I 
Special  mechanical  contrivances  of  great  com-1 
ist  for  the  two  highest  and  most  differentiated! 
le,  the  eye  for  the  sense  of  sight,  and  the  eaH 
.t  of  healing. 

mparative  Anatomy  and  Physiology  show  that  in  tho? 
imals  specialized  sense-organs  are  entirely  wanting,  and  1 
I  sensations  are  tiunsmitted  through  the  outer  surfactj 
kin-covering.    The  undifferentiated  skin-layer,  or  cxo-  I 
e  Gaatriea  is  the  simple  cell-layer  from  which  the- 1 


;* 


33^^  '^^^  BvoLunoH  or  il 

differentiated  sense-oifiaas  of  aU  Intnt^ 

aiid,  therefoi^  of  aU  Vertebrates,  ofiginafl 

ing  fixmi  the  ooiurideration  that  neoen 

Buperfidal  parts  of  the  body,  those  imH 

the  outer  world,  could  have  aooomplii 

shoold  be  justified  in  conjecturing  Aprti 

sense  also  owe  their  origin  to  the  same  pi 

the  fact     The  most  important  parfc 

develops  fix>m  the  outermost  g0tm-la| 

sensory  layer ;  in  part,  directly  finom  thf 

%i  part^  from  thp  brain,  the  foremost  seetfa 

[^  tube,  after  this  has  separated  fiom  H 

iz  comparing  the  individual  development  o 

ll;  of  sense,  we  see  that  at  first  they  make 

1^  the  simplest  conceivable  form :  only  ^ 

^^  that  wonderful  perfect  structure  devf 

2f  higher  sense-organs  eventually  become  t 

«e;  and  the  most  complex  mechanisms  of 

E^  tion.    All  organs  of  sense  are,  howeve 

portions  of  the  external  skin-covering 
nerves  are  distributed.    Even  these  nf ' 
homogeneous  and  imdiffercntiated  in  dt' 
by  division  of  labour,  the  various  ft. 
eneivies"  of  the  different  sensorial  neryr 
<        I  taneously  the  simple  terminal  expsn^ 

nerves  in  the  skin-covering  developed  «* 
plex  organs.  %  ^ 

The  important  bearings  of  these  t^, 
just  appreciation  of  mental  life  will  >. 
The  whole  philosophy  of  the  fiitaxa 
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A.  Senae-orgAiM  in 
which  the  ter- 
minal  ezpanflioiifl 
of  the  nexTOi  are^ 
distribated  in  the 
onter  ikinpoarer. 
ing. 

B.  Senae-organB  in 
which  the  ter- 
minal expandons 
of  the  nerres  are 
distributed  over' 
inverted  grooves 
of  the  outer  skin, 
covering. 

C.  Sense-organs  in 
which  the  ter- 
minal expansions 
of  the  nerves  are 
distributed  over^ 
vesicles  sepa- 
rated from  the 
external  skin- 
covering. 


I.  Skin-oovering 
(outer  skin,  or 
epidermic,  and 
Iffnthpr  .  skin, 

or  eorium) 

II.  External 
sexual  parts 
(p0nu  and  e2t. 
tori$) 

HL  Mnoousmem- 
brane  of  the 
month -cavity 
(tongue  and 
palate) 

rv.  Mucous  mem- 
brane of  the 
nose-cavity 


V.  Eye 
VI.  Ear 


I.  Skin  nerves    i  Sense  of  pr 
(nervi  eutoiMi)  J  Sense  of  wi 


n.  Sexual  nonres  8.  Sexual  si 
(iMrW  pudendQ 


IIL  Taste  nerve     4. 
pheiryngeui) 


of 


IV.  Olfactory         6.  Sense  of 
nerve 
(n.  olfaetoriui) 


V.  Sight  nerve 
(n.  opticus) 

VI.  Ear-nerve 
(n.  acousticwi) 


6.  Sense  oi 

7.  Sense  ol 

ing 


Of  the  developmental  history  of  the  lower  orga 
sense  I  have  but  little  to  say.  The  development  of  the 
covering,  which  is  the  organ  of  the  sense  of  pressure  ( 
of  touch)  and  of  warmth,  we  have  already  traced  (p. 
I  need  only  add  that  in  the  leather  skin  (coriuTYi)  of 
as  of  all  higher  Vertebrates,  innumerable  microscopic  i 
organs  develop,  the  direct  relations  of  which  to  the  t 
tions  of  pressure  or  resistance,  of  warmth  and  of  col 
not  yet  ascertained.  These  organs,  in  or  upon  whic 
sensitive  skin-nerves  terminate,  are  the  so-called  " 
bodies "  and  the  "  Pacinian  bodies,"  named  after  thei 
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1 ,  Pacini.  Similar  bodies  are  also  found  in  the  organs 
<j<-  sexual  sen^e,  in  the  penis  of  the  male  and  in  the 
jloris  of  tbe  female ;  these  are  processes  of  the  integument, 
nd  the  development  of  which  we  shall  considei'  presently, 
^connection  with  that  of  the  other  organs  of  generation. 
lie  development  of  the  organ  of  taste,  the  tongue  and  the 
itate,  we  will  also  consider  presently,  in  connection  with 
|»t  of  the  intestinal  canal,  to  which  these  parts  belong. 
b  one  point,  however,  1  will  now  call  particular  attention, 
is,  the  mucous  membrane  of  the  tongue  and  jialate,  in 
rbich  the  taste-nerve  terminates,  is  also  in  its  origin  a  portion 
f  the  external  skin-covoring.  For,  aa  we  found,  the  entire 
Kiutb-cavity  originates,  not  as  a  part  of  the  actual  intes- 
iaal  canal,  but  as  a  groove-like  invei-sion  of  tbe  external 
kin  (voL  L  p.  338).  Its  mucous  membrane,  therefore,  is 
jnoed,  not  from  the  intestinal  layei',  but  from  the  skin- 
lyer,  and  the  taste-cells  on  the  upper  surface  of  the  tongue 
nd  palate  arise,  not  from  the  intestinal-glandular  layer, 
mt  from  the  skin-sensory  layer. 

This  is  equally  true  of  the  mucous  membrane  of  tbe 
Tgan  of  smell,  the  nose.  The  history  of  the  development 
f  tluB  eenae-organ  ia,  however,  of  far  higher  interest. 
LlQioagh  the  human  nose,  externally  viewed,  seems  simjile 
nd  single,  yet  in  Man,  aa  in  all  higher  Vert«bratcs,  it 
onsistB  of  two  perfectly  distinct  halves,  of  a  right  and  a  left 
laaal  cavity.  These  two  cavities  are  entirely  separated  by 
.  vertical  partition,  so  that  the  passage  into  the  right  nasal 
tmty  lies  only  through  the  right  nostril,  and  into  the  left 
ftvity  only  through  the  left,  nostril  Posteriorly  the  two 
Aaal  caviUes  open  separately  through  the  two  posterior 
aaal  ^leriures  into  the  head  of  the  pharynx,  so  that  the 
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phaiynz  may  be  entered  without  touchixig  tlie  cavity  o 
mouth.  This  is  the  passage  by  which  air  is  usuaUy  inli 
the  mouth  being  shut,  it  enters  the  pharynx,  and  it 
passes  through  the  windpipe  into  the  lungs.  Both 
cavities  are  separated  firom  the  mouth-cavity  by  the 
zontal  bony  palate  roof,  to  the  back  of  which  the 
palate  and  the  uvula  is  attached,  like  a  hanging  cu 
In  the  upper  and  hinder  portion  of  both  nasal  cavitk 
olfactory  nerve  extends  over  the  mucous  membrane,  ^ 
lines  these  parta  This  is  the  first  pair  of  brain  n 
which  issue  firom  the  skull-cavity  through  the  sieve 
Its  branches  extend  partly  over  the  partition  wall 
partly  over  the  inner  side- walls  of  the  nasal  caviti 
which  are  attached  the  "shells,"  or  spongy  bones  < 
nose — complex  bony  structures.  These  "shells"  are 
further  developed  in  many  of  the  higher  Mammals 
in  Man.  In  all  Mammals  there  are  three  of  these  ''  s 
in  each  of  the  two  nasal  cavities.  The  sensation  of 
is  produced  by  a  current  of  air,  containing  odori 
matters,  passing  over  the  mucous  membrane  of  the  C8 
and  there  coming  in  contact  with  nerve-ends. 

The  peculiar  characters  which  distinguish  the  olf 
organ  of  Mammals  from  that  of  lower  Vertebrat( 
represented  in  Man.  In  all  specific  points  the  huma 
exactly  resembles  that  of  the  Catarhine  Apes,  some  of 
indeed  possess  an  entirely  human  external  nose  (s€ 
of  the  Nose-ape,  Fig.  202,  p.  175).  The  first  rudiment 
olfactory  organ  in  the  human  embryo  does  not,  ho 
show  any  signs  of  the  fine  form  of  the  future  cat 
nose.  Indeed,  it  first  appears  in  the  same  form 
persists  for  life  in  Fishes ;  in  the  form  of  two  simpl 
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'\  (-9  in  the  skin  of  the  ui>jier  suifaee  of  the  head.  In 
I  :-liL-9  two  of  these  mere  blind  nose-pita  are  foimd  in 
■  upper  surface  of  the  head ;  sometimes  they  are  ttiiuatt'd 
the  back,  near  tht-  eyes,  tiometimes  near  the  Hnotit,  or, 
>Ui,near  the  mouth-opening  (Fig.  I91,ii,p,  113),  They  are 
Di  by  mucous  membrane  in  folds,  over  which  the  end 
Uiehefl  of  the  olfactory  nerves  spread. 

In  this  its  original  condition  the  double  nose  of  all 
Dphirhina  (p.  101)  is  entirely  imconnected  ivith  the  pri- 
tive  mouth-cavity.     The  connection,  however,  Iiegina  to 


i'lc.  391.— Hood  of  a  Sliork  {8eyl. 
It),  fromtliBTeiitmlBidc :  rn.inontli 
iiiilig;  o,  BosB  grooTpB,  or  pita;  r, 
«I  fonttw;  R,  DOK-llnp  in  ila 
■Bjwl  poailion;  n',  noBcflnp  tortu'd 
(Tbc  iliita  ara  openingB  o(  tnocou^ 
ru.)    (After  Gegeubftor.) 


pesr  even  in  some  Primitive  FiMhe.t  (Sdachii) ;  a  super- 
lat  akin-furrow  extends  on  each  side  from  the  nose-groove 
im  to  the  adjacent  comer  of  the  moutk  This  furrow, 
1  nasal  channel,  or  furrow  (Fig.  231, 7'),  is  of  great  sig- 
icance.  In  many  Shaiks  (e.g..  ScylUtim)  a  special  process 
Uio  frontal  skin,  the  nasal  dap,  or  "  inner  nasal  process," 
u-Iajis  tho  nasal  furrow  (n,  ?i').  Opposite  to  this  the  outer 
fB  of  the  furrow  riBca  and  forms  the  "outer  nasal  process." 
Dipneusta  and  Ajnphibia  these  two  nasal  processes  meet 
jr  tile  furrow  and  coalesce,  thus  foiTOtng  a  canal,  the 
■saI  cAnal."  There  is  now  a  passage  from  the  external 
>al  groove  through  this  canal  directly  into  the  mouth- 
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cavity,  which  latter  was  developed  independently 
groove.     In  the  Dipneusta  and  the  lower  Amphil 
internal  opening  of  the  nasal  canal  lies  well  forward  i 
the  lips)  ;  in  the  higher  Amphibia  it  lies  further  bai 
the    three    highest  vertebrate   claapes,  the    Amnio 
primary  mouth-cavity  is  separated  by  the  formation 
horizontal  palate  roof  into  two  perfectly  distinct  c 
the  superior  (or  secondary)  nasal  cavity,  and  the 
(or  secondaiy)  mouth-cavity.    The  nasal    cavity 
separated  by  the  vertical  partition  into  two  distinct 
into  a  right  and  a  left  nasal  cavity. 

Comparative  Anatomy  thus  still  shows  us  simultai 
in  the  ascending  series  of  the  double-nostrilled  Vert 
irom  Fishes  up  to  Man,  all  the  various  stages  of  i 
ment  of  the  nose  which  the  very  highly  developed  o 
organ  of  the  higher  Mammals  has  passed  through 
Hivehj  in  the  different  periods  of  its  tribal  histor 
first  rudiment  of  the  organ  of  smell  in  the  embryo 
and  in  that  of  all  the  higher  Mammals,  makes  its  app 
in  the  same  entirely  simple  form  which  is  retained  thn 
life  by  the  nose  of  Fishes.  At  a  very  early  stt 
while  no  trace  of  the  characteristic  facial  structure 
is  yet  visible,  a  pair  of  small  grooves  appear  on  tl 
of  the  head,  and  before  the  primitive  mouth-cavity 
were  first  discovered  by  Baer,  and  by  him  properly 
named  *'  olfactory  grooves  "  ("  Eiechgruben,"  Figs. 
233,  n).  These  primitive  nasal  grooves  are  quite  s 
from  the  primitive  mouth-cavity,  or  mouth  inde; 
which,  as  we  found,  likewise  makes  its  appearan( 
groove-like  indentation  of  the  external  skin-covei 
front  of  the  blind  anterior  extremity  of  the  intestine 
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pMr  of  nasal  grooves,  as  well  as -the   single  mouth 
vu    (Fij;,   235,   id),   is  lined    by   the  horn-plate.      Tlie 


Fin.  iSS. 


i.  236. 


Flos'  232,  asa.— n^ad  of  nn  ombryoniu  Chick,  on  the  third  daj  of 
CDbrntion:  232,  (iimi  the  front;  233,  from  the  rigbt  side,  n,  Now-rndi- 
Bat  {olfactory  grooToa) ;  I,  e^e-radiment  (sighC-gRMivcB) ;  g,  eai-radimonti 
,lidiloT7  grooves))  1',  fore-brnia ;  ^I,  eyo-alits;  o,  apper  jair  procoBBi  v, 
wer  jaw  procoas  of  the  Rnt  gill  arob, 

Tta.  23't.~'Head  of  on  Gmhryonio  Chick,  on  the  fonrth  day  of  incubation, 
DB  btloiw:  n,  BDW-gTuove  i  D,  upper  jaw  procoBS  of  the  flrut  gill  arrh ; 
lower  JDW  priKseflii  of  the  same  ;  k",  second  gill-arcb ;  tp,  choroidal  Sasuro 
'  the  Oj«  [  »,  throat  (pharynx). 

]ha%.  !3S,  £86.— Tno  heads  ot  embryonio  ChickB  :  235,  at  the  end  of  the 

uiLh  day;  236,  at  the  end  of  the  fifth  day  of  incubation.    The  tclterg  us  in 

.  1 1        Additional  letten  ore  tn,  inner,  and  an,  oater  nasal  proceas;  ti/, 

.rr.iw  i  il.  froulnl  proooiu  [  111,  mouth -cavity.     (After  Koclliker.) 

....  UicacfigncciiitepioportioiuitGlf  ealaiged. 
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original  separation  of  the  nasal  groove  from  the  m 
groove  is,  however,  soon  interrupted,  for  the  frontal  pn 
(Fig.  235,  8t,  Bathke's  ''  Nasenfortsatz  der  Stimwu 
is  immediately  formed  above  the  mouth  groove.  Right 
left  the  edges  of  this  process  project  in  the  form  of 
lateral  processes :  these  are  the  inner  nasal  processe 
nasal  flaps  '(^^g*  23^>  '^^)-  On  each  side,  opposite  to 
rises  a  parallel  ridge  between  the  eye  and  the  nasil  gi 
These  ridges  are  the  outer  nasal  processes  (Rathke's  ''N 
dacher/'  Fig.  235,  an).  Between  the  inner  and 
nasal  process  a  channel-like  depression  thus  extend 
each  side  from  the  nose  groove  toward  the  mouth  g 
(m),  and  this  channel  is,  of  course,  the  same  nasal  fi 
or  channel  which  we  found  in  the  Shark  (Fig.  231,  r) 
the  two  parallel  edges  of  the  inner  and  the  outer 
processes  bend  towards  each  other  and  coalesce  abo\ 
nasal  channel,  the  latter  becomes  a  small  tube — the  prii 
"  nasal  canal."  In  this  stage  of  its  Ontogeny,  therefoi 
nose  of  Man  and  of  all  other  Amnion  Animals  consi 
two  small  narrow  tubes — the  "  nasal  canals  " — ^leading 
the  outer  surface  of  the  frontal  skin  into  the  simpl 
mitive  mouth-cavity.  This  transient  condition  rese 
the  permanent  condition  of  the  nose  in  Dipneust 
Amphibia.  (Cf  Plate  I.,  Frontispiece,  with  explanati* 
Specially  significant  in  the  modification  of  the  open 
channel  into  the  closed  nasal  canal,  is  a  plug-shaped  i 
tion,  which  extends  from  below  up  to  the  lower  extre 
of  both  the  nasal  processes  on  each  side,  and  unites 
them.  This  is  the  upper  jaw  process  (Figs.  232,  o, 
Plate  L,  o).  Below  the  mouth  groove  lie  the  gill  i 
which  are  separated  from  one  another  by  the  gill  op 
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1,  and  VU.,  k).    The  first  of  these  gill  arches,  ab  J 
most  interesting  to  an,  which  we  may  call  theT 
relops  the  jaw-skeleton  of  the  mouth  (Plate  I.,  u). 
rocess  first  iji-owg  out  from  the  base  of  the  front 
tliis  is  the  upper  jaw  process.     The  first  gilI-alx^h 
3ps  a  cartilage  on  its  inner  side,  called  aft«r  its  J 
"Meckel's   cartilage,"  on   the  outer   surface   of  1 
lower  jaw  forms  (Figs.  232,  u,  230,  u).    The  upper  j 
I  forms  the  principal  part  of  the  entire  framework  I 
ler  jaw,  viz.,  the  palate  bono  and  the  TATUg  bone,  j 
IT  side  the  upper  jaw  bone,  in  the  nan-ower  sense,  | 
Bjises,  while  the  middle  portion  of  the  upper  jaw  I 
the    twixt    jaw   (intermaxillary   bone)   develops  f 
de   anterior   portion   of  the   frontal   process.      (See  | 
ment  of  the  face  in  Plate  I.) 
e  further  characteri^ic  development  of  the  face  in 
iligber  vertebrate  classes,  the  two  upper  jaw  pro- 
of the  highest  importance.     From  them  proceeds  I 
roof,  the  important  horizontal  partition  which  | 
the  ^mple  primitive  mouth-cavity,  separating 
■o   quite   distinct  cavities.     The    upper    cavity, 
the  two  nasal  cavities  open,  now  develops  into 
ivity — a  respiratory  air  passage  and  an  olfactory 
)  lower  cavity,  on  the  other  hand,  forms,  by  itself, 
»ent  secondary  mouUi-cavity  (Fig.  237,  «i) — the  i 
)od  passage  and  the  organ  of  taste.   Both  the  upper  I 
and  the  lower  taste-cavity  open  at  the  back  into  I 
(jpharyTUc).    The  palate  roof,  .separating  these  two  I 
formed  hy  the  coalescence  of  two  lateral  portions  I 
lorizontal  plates  of  the  two  upper  jaw  processcB  1 
tea ;  Fig.  237,  J>).    When  these  do  not  perfectly 
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adhere  in  the  middle  line,  the  result  is  a  permanent  lo 
tudinal  cleft,  through  which  there  is  an  open  passage  \ 
the  mouth-cavity  directly  into  the  nasal  cavity.    The 


Fio.  287<  —  Diagrammatio  tnuurerser  8 
through  the  month  and  noae  oayitj.  Whi 
palate-plates  (p)  separate  the  original  month, 
into  the  lower  seoondary  month-oaTity  (n^)  ai 
npper  nasal  cayity,  the  latter  is  parted  by  tt 
tical  partition  wall  of  the  nose  («)  into  two  i 
halves  (n,  n).    (After  Gegenbanr.) 


called  "  wolfs  jaws  "  are  thus  caxised.    The  * 

*' split  lip''  is  a  slighter  degree  of  this  arrested  dvi 

ment.^^® 

Simultaneously  with  the  horizontal  partition  d 
palate  roof,  a  vertical  wall  by  which  the  single  nasal  I 
is  divided  into  two,  a  right  and  a  left  cavity,  dm 
(Fig.  237,  n,  n).  This  vertical  partition  of  the  noss 
formed  by  the  middle  part  of  the  frontal  process:  1 
this  gives  rise  by  ossification  to  the  vertical  lamella  c 
sieve  bone  (cubiform  plate),  and  below  the  great  yt 
bony  partition  wall — the  "plough-share"  (vomer),  ai 
front  to  the  twixt-jaw  (08  intei^^niaxillare).  Ooethe 
the  first  to  show  that  in  Man,  just  as  in  all  the  other  Sk 
Animals,  the  twixt-jaw  appears  as  an  independent 
between  the  two  halves  of  the  upper  jaw.  The  ve: 
partition  wall  of  the  nose  finally  coalesces  with  the  horiz 
palate  roof.  The  two  nasal  cavities  are  now  as  eni 
separate  from  one  another  as  from  the  secondary  m< 
cavity.  These  thi-ee  cavities  open,  however,  at  the 
into  the  phamyx,  or  jaw-cavity. 
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luble-nostrilled  nose  ]ias  now  attained  the  structura 
tic  of  Man  in  common  with  all  other  Mammals.  | 
T  development   is  very  easily  intelligible:   it  la  ] 
f  the  formation  of  iuteiiial  and  external  processes 
(  of  both  nasal  cavities.     Within  the  cavities  | 
"  nose  shells,"  spongy  bony  structui-ea,  over  which  | 
'  mucous  membrane  spreads.     The  fii-at  braiu 
B olfactory  ner\o,  with  its  deUcate  branches,  passes  J 


^*'**|, 
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from  the  large  brain  through  the  roof  of  both  nasal  cavi 
into  the  cavities,  and  extends  over  the  olfactory  miu 
membrane.  At  the  same  time,  by  inversion  of  the  n 
mucous  membrane,  the  minor  cavities  of  the  nose^whicb 
afterwards  filled  with  air,  and  which  communicate  dire 
with  the  two  nasal  cavities,  arise  (frontal  cavities,  caviti 
the  sphenoid  bone,  jaw  cavities,  etc.).  In  this  special  i 
of  development  they  occur  only  in  Mammals.^^ 

The  external  nose  is  not  developed  until  long  afU 
these  essential  internal  parts  of  the  olfitcto^  organ 
been  formed.  The  first  trace  in  the  human  embryo  ap 
at  the  end  of  the  second  month  (Figs.  238-240). 
human  embryo  during  the  first  month  shows  that  origi 
there  is  no  trace  of  the  external  nose.  It  afterwards  { 
out  from  the  anterior  na^  portion  of  the  primitive 
The  form  of  nose  which  is  characteristic  of  Man  doc 
appear  till  a  period  far  later.  Much  stress  is  ui 
laid  on  the  shape  of  the  external  nose  as  a  noble  < 
occurring  exclusively  in  Man;  but  there  are  Apes 
have  very  human  noses,  as,  for  instance,  the  Nose( 
already  mentioned.  On  the  other  hand,  the  external 
the  fine  shape  of  which  is  so  extremely  important  1 
beauty  of  the  facial  structure,  possesses  in  certain  ii 
races  of  Man  a  shape  anything  but  beautifuL  In 
Apes  the  external  structure  of  the  nose  remains  undeve 
Especially  remarkable  is  the  important  fact  already 
that  it  is  only  in  the  Apes  of  the  Old  World,  in  the 
rhines,  that  the  nasal  partition  wall  (septura)  rema 
small  as  it  is  in  Man ;  in  Apes  of  the  New  World  it  "^ 
considerably  at  the  base,  so  that  the  nostrils  open  out 
(Platyrhini,  p.  175). 
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C   SlAGKB  O 


•ODTM  (noae.pit*)  in  tlie 
n  permauenUj  Tet&ine<l 


<9  Fitliti. 
meciei  bj  a  farrow 


t'\T>t  Slagei  Sole  of  thr  aarlier  Prii 
The  oiMe  is  funned  bj  a  pair  of  mmpio  s\di 
Utcr  SDrfaco  of  tlio  licod  ^like  those  which  are 
Y  the  lower  SelochiaDB). 

.Second  Staje  .■  JTosb  0/  (/is  more  recent  Primi 
Bkcfa  of  the  two  blind  nnssl  groovoa  becomes  ci 
>^«kl-finTow)  with  one  cnJ  of  the  Diuuth  (as  is  jet  i^ermuicDtt;  the  a 
ttm  higher  6oUc1uuib). 

Third  Stage  :  Sote  of  the  Dipneusla. 
Tba  two  habq]  fonows  chaoge,  in  coDseqaence  of  the  coaleaceaoe  of  their 
diges,  into  cloaed  canaU  (primary  noBP-cBDaU),  which  open  at  their  front 
adm,  within  the  soft  edges  of  the  lip,  into  the  primar;  mouth-eavit; ;  as  in 
et  permaaentlj  the  earn  in  the  DipDoosta  uid  the  earlier  lower  Auiphibiik 
Sriiobranchia). 

Fovrth  Stage:  Note  of  Amphibia. 

The  iDDDr  opening  o(  the  nasal  oanals  penetiste  further  back  into  the 

Cfanuy  moalh.CAvity,  bo  that  the;  are  Boironndcd  by  hard  bony  purtiuns  of 

ha  JBW  (u  ia  yet  permanent);  the  cose  in  the  Iiij^bor  Amphibia). 

Fifth  Stone:  A'ote  of  the  Prolatntiia. 

Ibt)  primitive  moath-cavit;,  into  which  both  nasal  caoala  open,  iio)iiirateB, 

M  CNBiBeqiienae  of  the  formation  of  a  boriEontal  partition  (the  palale'roaf), 

nCo  BB  TtppeT  naaal  cavit;  and  a  lower  (eecomlar;)  mouth -caviiy.     The 

temfttion  of  the  spong;  bones  of  the  nose  oommcnoos  {at  in  the  earlier 

Amnion  Animala). 

Sisth /ilaga :  Note  qf  tht  earlier  ifammali. 

The  liieplo  nose-cavitj  Beporatefl,  in  consequence  of  the  development  oC 

tTcrtioil  partition  wall  t  the  "plough,"  I'ontm-),  into  two  diatinctnoae-cariljes, 

)Mib  of  which  is  ooonpied  bjr  one  of  the  nasal  canals  (as  is  jret  the  case  in  all 

Haninuds).    The  spoag;  nose-bones  differentiate. 

vn(  Mamntalt. 
le  development  ol 


r,  and  on  external  nose  twgini  to  farm. 
Eighth  Staye:  Note  of  the  ( 
I  iDterna!  and  the  external  nose  1 
]y  fihanotaristic  of  Catarhine  Apos  and  of  Man. 


e  spongy  b 


arhine  Aprt. 
I  rhe  fnll  development  e 
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The  history  of  the  development  of  the  eye  is  equaUr 
remarkable  and  instructive.  For  although  the  eye,  owing 
to  its  exquisite  optical  arrangement  and  wonderful  stroe- 
ture,  is  one  of  the  most  complex  and  most  nicely  adapted 
organs,  yet  it  develops,  without  a  preconceived  design,  from 
a  very  simple  rudiment  in  the  outer  skin-covering. 


Fio.  241. — Tlie  human  eye  in  transverse  section:  a,  protective  mexnbifW 
{sclerotica) ;  b,  horn  membrane  (cornea) ;  c,  oater  membrane  {eonjunetita)\ 
d,  circular  veins  of  iris;  e,  vascolar  membrane  (choroidea);  /,  oilisi] 
muscle;  g,  corona  ciliaris;  h,  rainbow  membrane  (im);  t,  optio  tarn 
(n.  optictis) ;  jfc,  anterior  limit  of  the  retina ;  /,  crystalline  lens  {lens  cryttd 
Una);  m,  inner  cover  of  the  horn  membrane  (?rater  membrane,  membra/^ 
Descemeti);  n^  pigment  membrane  {pigmentosa);  o,  retina;  p,  ^'petits-CBjaaX; 
q,  yellow  spot  of  the  retina,    (After  Helmholtz.) 

When  fully  developed,  the  human  eye  is  a  globuli 
capsule  (the  eyeball,  bulbus,  Fig.  241).     This  lies  in  th 


'  rbit  of  the  slcul],  surrounded  by  protective  fat  and 
1 1. lor  muscles.  The  greater  part  of  this  eyeball  is 
^"ipied  by  a  eemi-fiiiid,  clear  gelatinous  substance,  the 
leous  body  (corpus  vitreum).  The  crystalline  lens 
Ig.  241,  I)  is  embedded  in  the  anterior  surface  of  the 
teous  body.  It  is  a  lontil-shaped,  bi-convex,  transparent 
ty — the  most  impoiiant  of  the  light-refracting  media  of 
i  eye.  Among  these  media  is,  in  addition  to  the  lens 
I'viti'eoas  body,  the  aqueous  humour  (humoj'  aqueitf.  at 

in  Fig.  2il),  in  front  of  the  lens.  These  three  pellucid, 
ht-refracting  media — the  vitreous  body,  the  crj-stalUne 
tfl,  and  the  aqueous  humour — by  which  the  rays  of  light, 
iadeot  on  the  eye,  are  refracted  and  concentrated,  aro 
closed  in  a  firm  globular  capsule  consisting  of  several 
Berent  membrane,s,  compai-able  with  the  concentric  layers 

an  onion.  The  outer  and  thickest  of  these  forms  the 
lite  protective  membrane  of  the  eye  (sclerotica,  a).  It 
naists  of  firm,  compact  white  connective  tissue.     In  front 

the  lens  a  circular,  very  convex,  ti-ansparent  plate,  re- 
mbling  a  watch  glass,  is  inserted  in  the  white  protective 
embrane ;  this  is  the  horny  niombrano  {coi-nea,  h).  On 
1  out«r  surface  the  homy  membrane  is  covered  by  a  very 
in  coating  of  outer  skin  {epidei'viia) ;  this  coating  is 
lied  the  connecting  membrane  (cmijuiictiva) ;  it  extend.s 
>n»  the  homy  membi-ane  over  the  inner  auiface  of  both 
vlids — the  upper  and  lower  folds  of  skin  which  on  dosing 
o  eyes  are  drawn  together  over  them.  At  the  inner 
imer  of  our  eye  there  is,  as  a  sort  of  mdimentar>'  organ, 
a  remnant  of  a  third  (inner)  eyelid,  which,  as  the  "  iiic- 
Lating  membrane,"  is  highly  developed  in  the  lower 
crtcbrates  (vol.  i.  p.  110).    Below  the  upper  eyelid  are  lodged 
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the  tear-glands,  the  secretion  of  which  keeps  the  so 
of  the  eye  smooth  and  clean. 

Directly  under  the  protective  membrane  is  a  de 
dark-red,  highly  vascular  membrane,  the  vascular 
brane  (choroidea,  6),  and  within  this  the  retina  (o),  ^ 
is  a  dilatation  of  the  optic  nerve  (i).  This  latter  i 
second  brain  nerve.  It  extends  from  the  **  centre  of  i 
(the  second  brain-bladder)  to  the  eye,  penetrates  the 
coats  of  this,  and  then  extends,  as  the  retina,  betwec 
vascular  membrane  (choroidea)  and  the  vitreous 
{corpus  vUreurri).  Between  the  retina  and  the  va 
membrane  lies  another  very  delicate  membrane, 
is  commonly,  but  wrongly,  considered  as  part  of  the 
This  is  the  black  pigment  membrane  (pigmentosa,  h 
pigmenti,  n),  or  the  "black  carpet"  (tapetum  ni< 
It  consists  of  a  single  layer  of  beautiful  hexagona 
accurately  joined  together  and  filled  with  black  pi 
giunules.  This  pigment  membrane  lines,  not  only  thi 
surface  of  the  actual  vascular  membrane,  but  also  tl 
terior  surface  of  its  anterior  muscular  prolongation, 
as  a  circular  ring-like  membrane,  covers  the  edge  of  tl 
and  prevents  the  penetration  of  lateral  raya  This 
well-known  "rainbow  membrane"  (iris,  h),  which  is  diff 
coloured  in  different  persons  (blue,  gray,  brown,  etc.). 
"rainbow  membrane"  is  the  limit  towards  the  fi 
the  vascular  membrane.  The  round  hole  in  the  iris 
pupil,  through  which  the  rays  of  light  pass  into  the  i 
of  the  eye.  Where  the  iris  proceeds  from  the  edge 
actual  vascular  membrane,  the  latter  is  much  thicken 
forms  a  beautiful  ciliated  crown  (corona  ciliaris,  g\ 
Surrounds  the  edge  of  the  lens  with  about  seventy 
.;and  many  smaller  rays. 
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embryo  of  Man,  as  in  that  of  all  other  Amphi-  ] 
[>ear-&hajied  vesicles  grow  out  laterally,  at  a  veiy  I 
)d,  from   the   foremout  part   of  tlie   first   brain - 
223,  a,  p.  218).  These  bladdev-Iike  protuberances 
imary  eye-vesicles.     At  first  they  are  directed  ] 
td  forward,  but  they  soon  make  their  way  further  I 
BO  that  after  the  specialization  of  the  five  brain- 
ihey  lie   at   the   base   of  the  twiit-brain.     The 
ces  within  the  two  pear-shaped  vesicles,  which   , 
a  considerable  size,  communicate  through  thoir 
3  with  the  cavity  of  the  twixt-brain.     Their 
ring  is  formed  by  the  outer  skin-covering  (hom- 
leather-phite).     Where,  on  each  side,  the  latter 
etly  in  contact  with  the  most  curved  portion  of  1 
y  eye-vesicles,  a  thickening  (i)  arises,  and  at  the 
a  groove-Uke  indentation  (o)  in  the  bom-plate 
).    This  groove,  which  we  will  call  the  lens  groove, 
a  closed  sac,  the  thick-walicd  lens  vesicle  (2,  /), 
feet  that  the  edijes  of  the  groove  coalesce  above 


-1^  of  aa  embryonic  Cblck  in  lougitudinal  acclion  (1,  of  a  \ 
tty-firs  honni  of  inenbation ;  S,  of  a  Bomewhnt  older  gBtiii  i 
r  days  old) :  !•,  horn.plate  ;  o,  lens  gioovo ;  i,  leni  (in  1, 
part  of  the  epiileniiia,  while  in  2  and  3  it  has  aepamteil) ;  i- 
tbe  horn-plate  ctt  tho  jwint  from  which  the  lena  separolod ; 
',  ntioB;  II,  pigment  mombrane.    (Alter  Benuk.) 
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it  Exactly  as  the  medullary  tube  originally  Bepantes  fi 
the  outer  germ-layer  does  this  lens-sac  separate  from 
hom-plate,  in  which  it  originated.  The  space  within ' 
sac  is  afterwards  entirely  filled  by  the  ceUs  of  its  thick  ^ 
and  the  solid  crystalline  lens  is  thus  formed.  The  latte 
therefore,  purely  a  formation  of  the  epidermis.  Together  ^ 
tiie  lens  the  small  fragment  of  the  leather-plate  (can 
lying  below  the  lens  separates  from  the  outer  skin-cove 
This  small  piece  of  the  leather-skin  very  soon  forms  a  hi 
vascular  sac  round  the  lens  (capsula  vasctdoaa  It 
Its  anterior  portion  at  first  covers  the  pupillary  orifice 
is  then  known  as  the  pupillary  membrane  (menJb 
pupillaria).  Its  back  portion  of  the  same  membrane  is  c 
the  *'7iiembrana  capsido-piLpillaris!*  This  •'vascular 
capsule,  which  merely  serves  to  nourish  the  growing 
afterwards  entirely  disappears.  The  later,  permanent 
capsule  contains  no  vessels,  and  is  a  structureless  sea 
of  the  lens  cells. 

As  the  lens  thus  separates  from  the  horn-plate 
grows  inward,  it  must  necessarily  indent  the  adjc 
primary  eye-vesicles  from  without  (Fig.  24t2,  1-3). 
process  may  be  compared  to  the  inversion  of  the  germ- 
brane  vesicle  (blastvXa),  which  in  the  Amphioxus  a 
many  low  animals  gives  rise  to  the  gastrula  (voL  i.  p.  192 
both  instances  the  inversion  of  one  side  of  the  closed  ^ 
proceeds  until  finally  the  inner,  inverted  portion  touchi 
outer,  uninverted  portion  of  the  wall  of  the  vesicle,  » 
the  cavity  disappears.  Just  as  in  the  gastrula  the  f 
part  changes  into  the  intestinal  layer  {entodemioi) 
the  latter  into  the  skin-layer  (exodernid),  so  in  the  in^ 
primary  eye-vesicle  the  retina  develops  from  the  f 
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aiar)  paxt  (Fig.  242,  i-),  and  the  black  pigment  membrane 
}froio  the  latter  {the  outer,  uninverteJ  part).  The  hollow 
l3k  of  the  primary  eye-vesicle  changes  into  the  optic 
nre. 

The  kna  (I)  which  enacts  bo  important  a  part  in  this 
verUng  proceas  of  the  primary  eye-vesicle,  lies  at  first 
rectly  upon  its  inverted  part,  that  is,  on  the  retina  (i'). 
ay  soon,  however,  the  two  separate,  a  new  body,  the 
treous  body  {coi-pus  vitreum,  gl),  coming  in  between  them. 
liile  the  lens-sac  is  detaching  itself,  and  the  primary  eye- 
sicld  is  being  inverted  from  without,  another  invei'sion 
nultaneously  proceeds  from  beneath — from  the  superficial 
rtioii  of  the  skin-fibrous  layer,  i.e.,  from  the  leather-plat« 
head.  At  the  back  of  the  lens  and  below  it,  a  ledge-like 
-  ^  of  the  leather-plate  arises  (Fig,  243,  g),  which  inverts 
«  piimaiy  eye-vesicle  (now  shaped  like  a  cup)  from  below, 
td  presses  in  between  the  lens  (Q  and  the  retina  {r) 
VOB  the  primary  eye-vesicle  assumes  the  form  of  a  hood. 
36  opening  of  this  hood,  answering  to  the  face,  is  covered 
T  the  lens ;  but  the  opening,  tbi-ough  which  the  neck 
Doid  pass,  answei-s  to  the  indentation  through  which  tho 
ftther-skin  passes  in  between  the  lens  and  the  retina  (the 
ner  wall  of  the  hood).  The  space  within  this  seeondary 
re-vcsicle  is  almost  filled  by  the  vitreous  body,  which 
l0W«r8  to  the  head  wi-apped  in  this  hood.  The  hood  itself 
,  properly  speaking,  double :  the  inner  hood  itself  is  the 
lUna,  and  the  outer  one,  directly  surrounding  the  former, 

the  pigment  membrane.     The  comparison  with  a  hood 

■ndera  this  process  of  inversion,  which  is  sometimes  hard 

;ifain,  moro  clearly  understood.     The  rudiment  of  the 

13    body   (cocjnts    vili-eum)   is  at  first   very   incon- 
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eiderable  (Fig.  S43,  g),  and  the  retina  disprajxstkullf 
thick.  As  the  former  expands,  the  latter  becxHnes  motk 
thinner,  till  at  Ust  the  retina  appears  only  as  a  veiy  delinti 


rio.  £43.— HOTUontal  ttM 

■ootioD  tbroagh  the  ejre  of  ■ 

embryo  of  fonr  weeki;   100  tiiB 

enlvged    (after   Kodliker):  i,  la* 

{the  du-k  mix  ot  which  u  eqal  K 

the  diameter  of  the  oential  CBntflc 

g,  ritieooi  bodj  (ooimeoted  with  tk 

le>tber.plate  by  a  ataUc,  ^  ; 

colar  loop  (peDetrating  tbioagb  flt 

Btalk  {g")  into  the  vitreoiu  body  t» 

hind    the    lem) ;    r,     Tetina   (iuA 

''       -^  thi[;ker,    inrerted     lamella    d   0* 

primaiy  Cfo-rcsiclc) ;   a,  pigment  membnuie  <oater,  thinnor,  imiDTcMd 

lamella  ot  the  Kame) ;  h,  intermediate    spaoe  between   the  retina  and  tin 

pixment  membrane  (remnant  of  the  cavity  of  the  primary  eye-roaiale). 


coat  of  the  thick,  almost  globular  vitreous  body,  which  fiBt 
the  greater  part  of  the  secondary  eye-veaicle.  The  oatar 
layer  of  the  vitreous  body  changes  into  a  highly  vsacultf 
capsule,  the  vessels  of  v/hich  afterwards  disappear. 

The  slit-like  passage  through  which  the  rudiment  of  tiie 
vitreous  body  grows  from  below  in  between  the  lens  and 
the  retina,  of  course  causes  a  break  in  the  retina  and  the 
pigment-membrane.  This  break,  which  appears  on  the  inner 
surface  of  the  vascular  membrane  as  a  colourless  steeak,  ha» 
been  inaptiy  called  the  choroidal  cleft,  though  the  true 
vasculai-  membrane  is  not  cleft  at  all  at  this  point  (Fig. 
234,  »p,  235, 8^,  p.  243).  A  thin  process  of  the  vitreous  body 
passes  inward  on  the  under  surface  of  the  optic  nerve,  which 
it  inverts  in  the  same  way  as  the  primaiy  eye-vesicle  ww 
inverted.     The  hoUow  cylindrical  optic  nerve  (the  stalk  t& 
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f  eye-vesicle)  is  thus  transformed  into  a  channel^J 

bwiivard.     The  inverted  lower  surface  attaclieaJ 

bo  the  nninverted  upper  surface  of  the  hollow  stalk,  aom 

.he  hollow  space  within  the  stalk,  forming  tho  com-j 

ation  between  the  cavity  of  the  twixt-brain  and  otm 

'■'iinry  eye-vesicle,  now  disapjwai-s.     The  two  edgos.! 

i  hannel  now  grow   downwanl  toward  each  otheTfJ 

the  band-like   process    of    the  leather-plate,   and  ■ 

I   heneath  it.     Thus  this  process  now  lies  within  the 

I   the  solid  secondary  optic  nerve.     It  develops  into 

1  )f  connective  tissue  carrying  the  central  blood-vessel  J 

i>.'fina  (viisa  centraUa  retiniB). 

L  riitirely  fibrous  covering,  tlie  fibrous  capsule  of  the  J 

..  rinally  forms  round  the  outside  nf  the  secondary  I 

'  I'.'  and  its  stalk  (tlie  secondary  optic  nerve).     It  J 

1  from  the  head-plate,  from  that  part  of  the  skin-  J 

I  lyor  which  immediately  encloses  tlie   eye-vesicle.  | 

iiius  covering  takes  the  foi-m  of  a  completely-closed  I 

-ic,  which  surrounds  the  whole  ball  of  the  eye,  and  i 

iittT  side  of  this,  grows  in  Vietween  the  lens  and  the  \ 

ii-.    The  globular  wall  of  the  capaide  soon  separates,  i 

I'll  of  the  surface,  into  two  distinct  membranes.     The  \ 

iiiLinbrano  becomes  the  choroidca,  or  vascular  layer; 

jt  it  forms  the  ciliated  crown  (corowt  cUiuri^)  and  I 

^     The  outer  membrane,  on  the  other  hand,  becomes  I 

liitu  enveloping,  or  protective  membrane  (acleroliixi),  I 

u    front,  forms    the    transparent   homy    mcmbrano  [ 

i).     The  rudiments  of  all  the  essential  parts  of  the  j 

^  now  formed,  and  its  further  development  is  only  ii 

irt  the  complex  differentiation  and  comijination  of  I 

<  :>1  parts. 

II. a 
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The  most  impcrtant  fact  in  this  reiaarkable  process  of 
-development  is  the  circumstance  that  the  optic  nerve, 
retina,  and  the  piginent-meubrauo  originate  from  a 
t  of  the  brain,  from  a  protuberance  of  the  twlxt-bitiin. 
He  the  crystalline  lens,  the  moat  important  refracting 
diom,  develops  from  the  outer  skin  (e-pUlemliB).  From 
outer  skin — the  homy  lamina— originates  also  the 
icatc  connecting  membrane  (conjundiva)  which  after- 
rds  envelopes  the  outer  surface  of  the  eyehalL  The  teai-- 
nds  proceed,  as  blanched  processes,  from  the  conjunctiva 
g.  214,  p.  202).  All  the  other  parts  of  the  eye  originate 
m  the  skin-fibrous  layer;  the  vitreous  body  and  the 
Miular  lens-capsule  from  the  leatlier-plato,  the  clioroid 
>t  with  the  iiis,  and  the  protective  niembmne  (acleroticu) 
•h  the  homy  membrane  (cornea)  from  the  head-plates. 
The  outer  protective  organs  for  the  eye,  the  eyelids,  are 
tdj  simple  folds  of  skin,  which,  in  the  human  embiyo, 
3Mr  in  the  third  month.  In  the  fourth  month  the  upper 
lUd  adheres  to  the  lower,  and  the  eye  then  remains 
rercd  l^  them  till  bii-th.  (Plate  VII.  Fig,  Mm.,  R  iii.. 
,)  The  two  eyelids  usually  again  sepai'ate  shortly  befoi-e 
th,  but  sometimes  not  till  after.  Our  skulled  ancestors 
1,  in  addition  to  these,  a  third  eyelid,  the  nictitating 
mbrane,  which  was  drawn  over  the  eye  from  the  innei- 
uer.  Many  Primitive  Flihes  (Selafhii)  and  Amnion 
imals  yet  retain  this.  In  Apes  and  in  Man  it  has  atrophied, 
]  only  a  small  remnant  of  it  exists  in  the  inner  comer  of 
I  eye  as  the  "  crcaceut-shaped  fold,"  as  a  useless  "  rudi- 
otary  organ."  (Cf.  vol.  i.  p.  109.)  Apes  and  Man  have 
J  lost  the  "  Harder  gland,"  opening  below  the  nictitating 
mbnnc,  which  appears  in  other  Mammals,  and  in  Birds, 
d  Amphibians. 


SGO  TUS  EVOLUnOK  OF  MAN. 

The  ear  of  Vertebrates  develops  in  many  impc 
pointii  similarly  to  the  eye  and  nose,  but  yet  in 
respects  veiy  differently.*™  The  organ  of  hearing  ( 
developed  human  being  resembles  that  of  other  Mu 
in  all  essential  particulars,  and  is  cspedally  similar  to  t 
Apes.  As  in  the  latter,  it  consists  of  two  principal  pai 
apparatus  for  the  conveyanee  of  sound  (external  and  i 
car)  and  an  apparatus  for  producing  the  sensatitm  of 
(internal  ear).    The  outer  ear  opens  in  the  oar-sbell  (f 


Pio.  2  M.— Anditory  organ  of  man  (left  ear,  seen  from  the  tiant; 
Bi»e)  :  a,  esr-Bhell :  b,  axtemal  enr-canal  j  c,  dram,  or  tjmpanio  met 
d.cavity  of  dram;  f,««r-tnunpct; /.ir,  A,  the  throe  earboneleU  (/,h 
g,  antil  ;  k,  stirmp);  i,  ear-ponch  (ufricului)  j  k,  the  three  semi- 
canals ;  I,  exr-sao  (ibkuIiu)  j  m,  snail  (cocMm)  j  n,  auditorr  nerre. 

auria),  situated  at  the  side  of  the  head  (Fig.  224,  aV 
this  the  outer  ear-canal,  which  is  usually  about  anind 
leads  to  the  inside  of  the  head  (6).    The  inner  end  c 
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is  clased  by  the  well-known  tympanic  membi-aiH! 
liin  (tympanum);  a  tliin  membrane  of  oval  form  (c), 
I  ill  a  vertical  position,  but  slightly  inclined.  Tliis 
I  a.ne  separates  tlie  outer  ear-caiial  fi-ora  the  so-called 
■■  >  of  the  ili'um  {muum  Uf^npunl).  Tlii.s  is  a  small 
•iit\'  enclosed  in  the  petrous  part  of  the  temporal  bone, 

lilIi  is  filled  with  air  and  connected  by  a  special  tube  witli 
e  mouth-cavity.  Tlii.s  tube  is  somewhat  longer,  but  iimcli 
iTTOwer  than  the  outer  oar-canal ;  it  leatls  inward  and 
rward  in  an  oblique  direction  from  the  inside  wall  of  the 
mpanmu  and  opens  behind  the  inner  nostrils  (or  Choana) 
to  the  upper  part  of  the  cavity  of  the  throat  (phartfnx). 
'■-  fnn&l  is  called  the  Eustachian  tube  (_tuba  Bustacliil). 
I'lalixes  the  pressure  of  the  air  in  the  tympanic 
. ,  and  the  outer  atmospheric  air  which  enters  by 
t'  i^ar  canal.  Both  the  Eustachian  tube  and  the  tympanic 
vity  are   lined   by    a    thin,  mucous    membrane,    wliich 

»  dirMt  continuation  of  the  mucous  membrane  of  the 
roat.      Within  the  tympanic  cavity  are  the  three  bonelets 

the  ear,  which,  from  tbeii-  cbaracteristic  shape,  are  called 
e  hammer,  the  anvil,  and  the  stirrup  (Fig.  Hi  f,g,h). 
le  hammer  {/)  lies  fiutliest  outward,  just  within  the 
mpanic  membrane;  the  anvil  (3)  is  wedged  in  between 
B  two  others,  above  the  hammer,  and  further  in  than  the 
mmer ;  and,  lastly,  the  stirrup  (k)  lies  next  to  the  anvil 
Hrard  the  inside,  and  touches  with  its  base  tlie  outer  wall 

the  internal  ear,  or  the  auditory  sac.  All  these  parts  ot 
3  middle  and  estenial  eai-  belong  to  the  sound-conducting 
pamtus.  Their  principal  office  is  to  convey  the  waves  ol 
md  from  without  through  the  thick  side-wall  of  the  head, 

he  ioteniaJ  ear.     In  Fishes  these  parts  are  entirely  unre- 
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presented.    In  them,  the  sound-waves  are  conveyed  c^ieeil] 
through  the  wall  of  the  head  itself  to  the  internal  ear. 

The  inner  apparatus,  that  which  produces  the  sensilifl 
of  sound,  receiving  the  sound-waves  thus  conveyed  to  i 
consists  in  Man,  as  in  all  other  Vertebrates  (with  the  an; 
exception  of  the  Amphioxus),  of  a  closed  auditory  sac  fill 
with  fluid,  and  of  an  auditory  nerve,  the  ends  of  which  i 
distributed  over  the  wall  of  this  sac.  The  vibrations 
the  waves  of  sound  are  conveyed  by  that  medium  to  th 
nerve-ends.  In  the  auditory  fluid  (endolymph),  wh 
iills  the  labyrinth,  and  opposite  the  places  at  which 
auditory  nerves  enter,  are  some  small  stones,  compc 
of  a  mass  of  microscopic  calcareous  crystals  (otoliths). 
organs  of  hearing  of  most  Invertebrates  have  essenti 
the  same  construction.  In  them,  also,  it  usually  consist 
a  closed  sac  filled  with  fluid,  containing  otoliths,  and  ha^ 
the  auditory  nerve  distributed  over  its  wall.  But  whil 
Invertebmtes  the  auditoiy  vesicle  is  usually  of  a  ^ 
simple  spherical  or  oval  form,  in  all  Amphirhina,  on 
contrary,  that  is,  in  all  Vertebrates  above  the  Fishes  n 
Man,  it  is  distinguished  by  a  very  characteristic  and  sing 
form  known  as  the  auditoiy  lab)ninth.  This  thin  mem 
nous  labyrinth  is  enclosed  in  a  bony  envelope  of  the  « 
form,  the  osseous  labyi-inth  (Fig.  245),  which  lies  withii 
petrous  bone  of  the  skull.  The  labyrinth  in  all  Amphir 
is  divided  into  two  sacs.  The  larger  sac  is  called 
auditory  pouch  (tUriculiis), andhsa  three  curved  append 
called  the  semi-circular  canals  (o,  d,  e) ;  the  smaller  si 
called  the  auditory  sac  (saccuhcs),  and  is  connected  wi 
peculiar  appendage,  which  in  Man  and  the  higher  Mam 
is  distinguished  by  a  spiral  form,  like  the  shell  of  a  snail 
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»«6  ia  called  the  "anall"  (coc/'?fv*, //).      On  tlie  thin  wall 

tills  delicate  membranous  labyrinth,  the  auditoiy  nerve, 

!p]i  passes  from  the  after-brain  to  the  labyrinth,  is  dia- 

'('■l  in  a  very  complex  manner.     It  divides  into  twd 

lir-anches,  the  nerve  of  the  cochlea,  and  the  nerve  of 

i'lle,  for  the  remaining  part   of  the  labyrinth.     Tlic 

.  !  socma  specially  to  determine  the  quality  of  the  sound 

■,  the  latter  its  quantity.     The  nerve  of  the  cochlea 

215. — Tha  bony  liibyrintli  of   Iho  humnn  rnr  ^^ 

.lii.'ji    a,  vestibnle;    6,  «icli1co;    c,  upper  srini.      ^^^^N!!^^B  r 

mda.      (Fiwn  Moyor.)  '"^ 

Is  OS  the  pitch  and  quality  of  sounds,  the  neivu  of  the 
ttibule  their  strength. 

The  firat  rudiment  of  thi.s  extremely  complex  organ  of 

uin^  is  very  simple  in  the  human  embryo,  aa  in  those 

all  other  Skulled  Animals  (Omniota) ;  it  is  a  groove-like 

preaston  of  the  outer  sliin  {€pidi;rmi/<).    At  the  back  of  the 

id,  near  the  after-brain,  at  the  u[)per  end  of  the  second 

l-opening,  a  Uttlo  wart-hke  thickening  of  the  hom-platc 

ses  on  each  side  (Figs.  240,  A.fl;  248,  </).     This  deepens 

a  a  small  groove,  and  scimi^atos  from  the  outer-skin,  just 

does  the  lens  of  the  eye.     (Cf.  p.  2.'>3.)     A  small  vesicle 

■I  with  fluid,  the  primitive  ear-vesicle,  is  thus  formed 

nil  side,  immediately  below  the  hom-platc  of  the  back 

1  if  the  head ;  this  is  also  called  the  "  primary  laby- 

(Plates  VI.  and  VII.).     As  this  separates  from  its 

i.il  sit<\  the  horn -plate,  and  gi'ows  inward  and  down- 

:ii  in  the  skull,  it  changes  from  a  globular  to  a  pcar- 

I  form  (Figs.  240,  B,  tv;  249.  o).     The  outer  part  has 
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•■lungatL'tl  iiitu  a  tliiii  stalk,  tvliicli  at  firat  opens  outwvd 
(I  narrow  canal  (Cf.  Fig.  137,/.  vol i.  p.  382.)  This  MO 
till' appendage  of  the  labyrinth  ift.'cs<*u8  iai>yi-i7iMi,Fig.2W 


Fio.  Siti. — UeTelopmeut  of  t>io  ear-Ubyriatti  of  ft  Chidi,  in  B 
accatire  stagea  {A-E)  (croae-Bectiaiis  through  the  mdiiiiiMitMfy  da 
car-({roovoi  Iv,  eal-rcaioXe ;  ir,  labyrinth  appeiKf 
cochlea!  cap,  hind  Bemi-oironlar  eaimlj  em,  ov 
JT,  jaipiha  vein.     (After  BeJssnur.) 

Fi  09.  247,  218.— Head  of  an  embryonic  CMck,  on  the  third  Oaf  at  in 
tion:  217  in  front,  218  from  tho  right;  n,  rndinicntnrr  hmd  (6U 
groove);  C,  rudimeDtAi;  eje  (ocular  groovo) ;  g,  rodiniuoliuj  ettr  (mi 
groove)  J  V,  fore-brnia;  gl,  o;e-Blit(  0,  procesB  of  the  upper  jaw  ;  (i, 
of  tho  lower  jaw  of  the  firBt  gill-arch.     (After  Koelliker.) 

Flo.  24B. — PrimitJTe  lirain  of  haman  embryo  of  fmir  weeki^  in  ' 
SDction,  and  tho  left  half  observed  from  within :  i',  E,  m,  h,  n,  the  Kve  g] 
the  aknll  cavity  in  which  tho  five  brain  liladdon  are  sitiuled  (tor 
mid,  hind,   and   after   brnins)  ;   o,  primiuy,  penr-ahpitcd   auditMr  * 
(■howing  through)!  a,  ejo  (Rhowing  throngh);  no,  opIJo  e 
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owei-  Vertelirates,  this  develops  intjj  a  peculiar  cavity 
I  with  calcareous  crystals,  which  in  some  Primitive 
Seliidiii)  remains  permanently  open,  and  opens 
"11  the  skull  {iliLctus  eiuloliftnpliaticus).  In  Maui- 
11  the  contrav)',  the  appendage  of  the  labyrintli 
us.  In  Uiene,  it  is  of  interest  only  as  a  rudimentary 
vvhich  has  no  longer  any  physiological  significance. 
isciess  renmanb  traverses  the  osseous  wall  of  the  petrous 
i  in  tlio  fonn  of  a  nai-row  canal,  and  is  called  the  aque- 
;  of  the  vestibule  (aquaductus  vestibuU). 
i!>nly  the  inner  and  lower  part  (extended  like  a  bladder) 
he  detached  ear-vesicle  develops  into  the  differentiated 
extremely  complex  structure  which  is  afterwards  known 
he  "  secondary  labyrinth."  This  vesicle  separates  at  a 
r  emrly  stage  into  an  upper,  larger  section,  and  a  lower, 
ncr  section.  The  former  gives  rise  to  the  ear-pouch 
ieuivs)  with  the  three  scjni-circulai-  canals;  from  the 
it  proceeds  the  ear-sac  («(cc«/««)  with  the  "snail" 
Wert,  Fig.  216,  c).  The  three  semi -circular  canals 
inate  as  simple  pocket-like  ])roccsscs  from  the  ear- 
:h  (Fig.  24ti,  E,  cm  and  csp).  In  tho  centi-e  of  each  of 
e  processes,  the  two  walls  coalesce,  and  sepai'ate  them- 
es from  the  utricle,  while  their  extremities  still  commu- 
te with  its  cavity.  In  all  Double-nostrils  {Amphirkina) 
f  *PC  three  semi-circular  canals,  as  in  Iklan,  while  of  tho 
lostomi  the  Lampreys  have  but  two,  and  the  Myxinoides 
one  (p.  103).  The  highly-developed  structure  of  the 
ul"  (ctKltlea),  which  is  one  of  the  most  delicate  and 
liable  products  of  adaptation  in  the  mammalian  body, 
iaally  develops  very  simply  aa  a  bottle-likc  process 
1   the  «ar-sac   (aacculun).      As   Eostie   has  shown,  tho 
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various  stages  in  its  ontogenetic  development  still  exist 
permanently  side  by  side  in  the  ranks  of  the  lower  Yerte- 
bratea^^  Even  in  Monotrcmes  the  snail-like  spiral  curving 
of  the  cochlea  is  not  present ;  it  is  exclusively  eharactexiBtie 
of  the  other  Mammals  and  Man. 

The  auditory  nerve  (nervtis  acusticua),  or  the  eig^ 
brain-nerve, — one  of  the  main  branches  of  which  disfcribateft 
itself  over  the  "snail"  (coddea),  the  other  over  the  other 
parts  of  the  labyrinth, — ^is,  to  Oegenbaur  has  Bhowxiy  tlie 
sensory  dorsal  branch  of  a  spinal  brain-nerve,  the  motor 
ventral  branch  of  which  is  the  motor  nerve  of  the  &cial 
muscles  (nervua  facialis).  Phylogenetically  it  haa^  there-  f 
fore,  originated  from  an  ordinary  skin-nerve,  and  is*  oonK-  I 
qucntly,  of  wholly  different  origin  from  the  optic  and  I 
olfactory  nerves,  which  represent  the  two  direct  prooeaMs  r 
of  the  brain.  In  this  respect  the  oi^gan  of  hearing  diffists 
essentially  from  the  organs  of  sight  and  of  smelL  The 
auditory  nerve  originates  from  the  cells  of  the  head-plate; 
therefore,  from  the  skin-fibrous  layer.  From  this  also 
develop  all  the  membranous,  cartilaginous,  and  bony  cover- 
ings of  the  car-labyrinth. 

The  development  of  the  apparatus  for  the  conveyance  oi 
sound,  situated  in  the  middle  and  external  ear  of  Mammals, 
is  entii'cly  distinct  from  that  of  the  apparatus  of  auditofy 
sensation.  It  must  bo  regarded,  phylogenetically  as  well  as 
ontogenetically,  as  an  independent,  secondary  formatioOf 
which  only  aftei-wai-ds  connects  itself  with  the  primal}' 
internal  ear.  Its  development  is,  however,  not  less  in-  J 
teresting,  and  is  equally  clearly  explained  by  CompaiatiTe 
Anatomy.  In  all  Fishes,  and  in  the  yet  lower  Vertebntes; 
there  is  no  special  apparatus  for  the  oonveyaxioe  of  aound^ 
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SlSrSIIikllC    BUBTET    Ol   THE    CniKr    STADtS    IN    TBE    De 


I.  First  Staye. 
Thp  auditory  nerve  is  &□  ordinar;  Bcnaitivo 
:   [vnliaUoa  of  the  hora-plate,  appears  at  a 


npoml 


II.  Second  Htaje. 
i  lii>  differentiated  place  of  ^he  bam.plale,  at  wbich  the  andltoiy  ncrvo 
^  I  cd,  forms  a  nuoll  spci.-tal  aaditoiy  groora  in  tbo  Bkia,  which  has  so 
'.  1  icifioe  in  the  appeodnge  called  the  "  labj'riulb." 
m.  Third  Stage. 
'I'lie  aaditory  groore  hai  detached  itself  from  the  horn-laminai  and  forniB 
a  Hinall  doeed  aaditoi7  vesicle  filled  nith  flaid.    The  "  labytiDtb-appandogo" 
Ift'ctniiee  mdimeDtaiT  {Aqtiaduettis  vtttibuU) . 
IV.  Poarth  Sfaje, 
Tbe  anditoij  vesicle  differentiates  into  tiro  ooonected  ports,  the  ear- 
ponoii  (ulriculiis)  and  tbo  ear-sac  (_iMciilas).      Each  of  the  two  vesiolts 
■^(illliiw  a  special  maiQ  braooh  of  the  auditory  nerve. 
V.  Fi/lh  Stage. 
Tiireo  s«iu .circular  canals  f^w  from  the  car.poncb  (as  iu  all  Atnyhi'. 

VI.   Sixth  Stagp. 
Th«i"Bnail"  (cocMea)  gmwii  from  the  ear.ea 
it  is  very  insigniflotQt,  and  is  only  developed  as  : 

Vn.  Scivnfh  Slagr. 
Tbe  first   gill.openiDg  (the  blow-bolo  of  Seloobians)   chants  into  the 
(fmpttDic  cavity  and  the  Enstacbian  t'ibc;  the  former  is  externally  oloeeti 
lijr  the  tympanic  membrans  (Amphibia). 

Vni.  Eighth  Utage. 
I  ho  small  bones  of  the  ear  (tiiaiciila  aiidiliia)  (the  hammer  (malltiu)  and 
I  ( inevt)  from  the  liret  gill-arch,  tho  B|-imip  ("(ojies)  Irom  tbo  Second) 
iiip  from  partA  of  the  liret  nod  seoond  gill.arclica. 
IX.  Ninth  Slagc. 
Tbo  eittrmal  ear  is  developed,  together  with  tho  bony  ear.CBnal.    Tlie 
dlirn  i>f  the  ear  it  (lointed  and  movablo  (na  in  most  tower  Mnminnlg). 
X.  Tmlh  Slage. 
no  MT-shvll,  with  its  muBcli>s,  becomes  disused  and  a  mdimentary 
M^jMl.    It  is  no  longer  pointed,  but,  on  tho  cQutrnrj,  has  a  cnivod  rim  with 
ai-day  (^iuAaUuc^id  Apes  and  Men). 


in  Fishes  and  Amphibii 
□  independent  part  in  tl 
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Systematio  Survey  of  the  Development  of  tlie  Hmnaa  Eur. 


I.  Survey  of  the  parts  of  the  latemal  Ear.    ( Apparatoa  peroeptIv«  of  wand.) 


1.  Stalk  of  the  primary    1.  Aqtwdnct   of    the    AqmadmetmM  m(<Wi 
oar-veslcle  vesiibale  (Due-    «.iZ0eiMMr  *    '  '^' 

tut       eiMioIjfM- 
pkaticta) 


A. 

IVodacts  of  the    i 

Eom-plate 


Products  of  the 

Head-plate 


2,  3.  Upper  part  of  tlte    2.  Eai^pouch  I7liriB«liit 

primary  ear-vesicle     u.  Three   semi-otava-    Otmaim    jmMrah 

lar,  or    curved 
cftiiialff 


4,  5.  Lower  part  of  the  4.  Ear-sac 

primary  ear-vesicle  ft.  **  The  nail" 

^6.  Auditory  nerve  6.  Anditoiy  nerve 

7.  Bony  covering  of  the  7.  Oaseona  labyrinth 
membranous     laby- 
rinth 

8.  Bony  covcriog  of  the  8.  **  The  stony  bone 
wliole  internal  ear 


Soiendma 


n 


II.  Survey  of  the  parts  of  the  Intermediate  and  External  Ear.    (Appaiatos  fbr  the 

conveyance  of  sound.) 


C. 

Ihxxlucts  of  the 
first 

Gill-openixig 


f 

1  10. 


9.  Inner  part  of  the  first 
gill-opening 

Central  part  of  the  fintt 
gill-opening 


0.  Eustachian  tube       TUbaSiuttukU 

10.  Tympanic  cavity     Oamm  tnuam 
anterior  of  the 
drum) 


D. 

lYodncts  of  the 
first  two 

GiU-arohet 


11.  Cloood  part  of  the  first 
gill-opening 


/12.  Upper    part    of    the 
second  gill-arch 

13.  Upper  part  of  the  first 

gill-arch 

14.  Central  part  of  the  first 

gill-arch 


11.  IVmpanic  mem- 
brane (Head  of 
the  drum) 


12.  Stirrup         (Fhvt    Stagm 
bonelet   of   the 


E.  ( 

Product  of  the     J  15.  Tympanic  circle 

Head-pUte      I     C^"'*"'"  ^y«i««^) 


P. 
Product  of  the 

:81d3i-00Taring 


/16.  Circular  membranous 
fold  at  the  closed  part 
of  the  first  giU- 
opening 

I 


) 

13.  Anvil       (Second 

bonelet   of   the 
ear) 

14.  Hammer    n*hird 

bonelet  ox    ihe 
ear) 


15.  Bony  outer  audi-    JfnfMt      UMdUioriu 
tory  panage 


16.  Ear-fibeU 


Orndkiaarit 


17.  Rudlmentazy 
mnsclM 
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external  and  middle  ear ;  in  these  animals  there  in  only 
alijTinth,  an  internal  ear,  situated  within  the  skulL     The 
iiipanic  membrane,  its  cavity,  and  all  the  connected  parts 
u!o  unrepresented.     The  middle  ear  first  develops  in  the 
Aiuphibian  class,  in  which  a  tj'mpanic  membrane,  a  tym- 
i.aiiic  cavity,  and  an  Eustachian  tube  are  first  found.     All 
I  sp  essential  parts  of  the  middle  ear  develop  from  the  first 
ll-opcning,  with  its  eurrounding  parts,  which  in  the  Pri- 
mitive Fishes  {Selachii)  remains  through  life  as  an  open 
l.l.ivr-hole,  ^tuated  between  th«  first  and  second  ^^ll-a^ches, 
III  the  embryos  of  higher  Vertcbratt's  it  closes  in  the  centre, 
till"  ]>oint  of  concrescence  forming  the  tympanic  membrane. 
Tln!  remaining  outer  jiart  of  the  first  gill-opening   is  the 
rudiment  of  the   outer   cor-canaL      From   the   inner   part 
•  iriginatos  the   tympanic  cavity,  and   further  inward,  the 
Eustachian  tube.     In  connection  with  these,  the  three  bone- 
lets  of  the  ear  develop  from  the  first  two  gill-arches ;  the 
hnmmer  and   anvil  frutn  the   first,  and   tlie   stirrup  &om 
the  upper  end  of  the  second  gill-arch."* 

Finally,  as  regards  the  oxtemal  ear,  the  ear-shell  (condia 

•"i.i'if),  and  tho  outer  ear-canal,  leading  from  the  shell  to  the 

tympanic  membrane — these  parts  develop  in  the  simplest 

wtiy  from  the  skin-covering  which  borders  the  outer  orifice 

I  if  tlio  first  gill-opening.     At  this  point  the  ear-shell  rises  in 

tin-  form  of  a  circular  fold  of  skin,  in  which  cartilage  and 

iiiisoles  afterwai-ds  fonn  (Fig.  238,  p.  247).     This  oi^an  is 

l-ii  limited  to  Manmials.      Among  them,  it  ia  originally 

iinting  only  in  the  lowest  <livision,  in  thi-  Beaked  Animals, 

M'inotrema).      In  the  others,  on  the  contrary,  it  appears 

111  very  different  stages  of  ilevelopment  and  jiartly  also  of 

ihy.      The   ear-aholl   has   atrophied    in    most  atjuatic 
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Mammals.  Most  of  these  have  even  lost  it  entiielyi  Out 
ia  BO,  for  example,  in  the  Sea-cows  and  Whales,  and  mot 
SeaU.  On  the  other  hand,  in  the  great  majority  of  Povditd 
Animals  (Mai'aupmlia)  and  Placental  Animals  (Ploeentolta), 
the  ear-shell  is  well  developed,  receives  and  concentratM  the 
waves  of  sound,  and  is  provided  with  a  highly-developed 
muscular  apparatus,  by  means  of  which  it  can  be  tanmi 
fi'oely  to  all  sides,  and  at  the  same  time  can  be  changed  in 
Ibrm.  Every  one  must  have  noticed  how  strongly  and  freely 
our  domestic  Mammids,  Horses,  Cows,  Doge,  Babbita,  etc^ 
can  "  prick  "  their  ears,  erect  them  and  turn  them  in  difierait 
directionii.  Moat  Apes  yet  retain  the  power  of  doing  thin, 
and  our  ancient  Ape  progenitors  could  also  do  it    Ihe  more 


Fio.  250. — BudimentDr/  car.miiBcIeB  on 
maiclo  (i».  altollem)  ;  b,  forward  miuclo  («>■  attrahaii)  ;  c,  bcckwkid  nuNcls 
<m.  ivtraheni) ;  d,  larger  moscle  of  the  helix  (in.  lulitii  major)  \  t,  mttUer 
mtucle  of  the  helix  (m.  ftvlicia  minor);  /.  moacle  of  the  tiBgnj  (m.  tragieut)', 
g,  tanecle  of  the  antitragus  <,in.  antitragicut).     (After  H.  Uejrer.J 

recent  Ape  ancestors,  common  to  Men  and  to  the  Anthropoid 
Apes  (Gorilla,  Chimpanzee,  etc.).  discontinued  the  habit  of 
moving  their  care,  and  hence  the  motor  muscles  gradually 
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*-iroame  rudimentaiy  and  tuieless.     We  stiU,  however,  possess 
TQ  (Fig.  250),    A  few  individual  men  can  even  move  their 
i-s  forward  or  backward  a  little  by  the  uae  of  the  forward 
iMcle   (h)   and   the   backward  muscle   (c);  and  by   I 
-.ctice  theae  motions  can  be  gradually  increased.     On  the 
riicr  hand,  no  man  is  able  to  erect  the  ear-shell  by  the 
upward  muscle  (a),  or  to  change  its  form  by  the  little  inner 
muscles  of  the  ear  (d,e,f,g).     Tlicse  muscles,  which  were 
very   useful   to   our  ancestors,  have   become   entirely  un- 
important to  us.     This  is  equally  true  of  Anthropoid  Apea. 

We  also  share  only  with  the  higher  Anthropoid  Apes — 
the  Gorilla,  Chimpanzee,  and  Orang — the  characteristic  form 
of  our  human  ear-shell,  especially  the  rolled  edge,  the  helix, 
nnd  the  ear-flap.  The  lower  Apea,  like  all  other  Mammals, 
have  pointed  ears  without  the  helix,  and  without  ear-flaps. 
Darwin  has,  however,  shown  that  in  some  men  a  short, 
pointed  process,  not  occurring  in  most  individnaht,  is  per- 
ceptible at  the  upper  part  of  the  folded  rim  of  the  ear.  In 
some  few  individuals,  this  process  is  very  well  developed. 
It  can  only  be  explained  as  the  remnant  of  the  original 
jwint  of  the  ear  which,  in  consequence  of  the  folding  of  the 
«dge  uf  the  ear,  has  been  bent  forward  and  inward, 
(Cf.  tliB  similarly  folded  ear  in  the  embryo  of  the  Pig 
and  Cow,  Plate  VII.  Fig.  //  HI,  and  C  iii,)  On  carefully 
comparing  the  ear-shells  of  Man  and  of  the  various  Apes  in 
tills  particular,  we  find  that  they  form  a  comiected  series  of 
retrograde  steps.  In  the  common  catarhine  ancestors  of  the 
Vnthropoids  and  of  Man,  this  retrogression  began  with  the 
■  tding  down  of  the  ear-shelL  In  consequence  of  this,  the 
;ii-edge  was  formed  on  which  that  significant  comer 
ajijwai's,  the  last  trace  of  the  free  pruiuinunt  point  of  the  ear 
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in  our  older  Ape  ancestors.  Thus  it  is  possible  even  here, 
with  the  help  of  Comparative  Anatomy,  to  trace  this  hiima& 
organ  from  the  similar  but  more  highly-developed  organ  cf 
the  lower  Mammals,  with  certainty.  At  the  same  time,C(Hii- 
parative  Physiology  shows  us  that  this  organ  is  of  more 
or  less  high  physiological  value  to  the  latter,  while  in 
Anthropoids  and  Man  it  is  a  useless  rudimentaiy  organ. 
Men  with  their  ears  cut  off  can  hear  as  well  as  thev  Hi 
before.  The  conveyance  of  sound  is  not  affected  by  the  loss 
of  the  ear-slielL  This  explains  the  great  diversity  in  tlie 
form  and  size  of  the  ear-shell  in  different  persons;  it  shares 
this  high  degree  of  variability  with  other  rudimentaiy 
organs.^^ 


CHAPTER  XXIL 

DEVELOPMENT  OP  TUK  ORGANS  OF   MOTION. 

"he  Motive  Apparatus  of  Vpnobrates. — ThpHe  ore  conBtitutod  by  the 
pBssivo  oud  Active  Ocfaiui  of  Motion  (Skeleton  and  Mracloa).— TIil- 
Significance  ot  the  Intemnl  Skcloton  of  VRrtebrales. — Simotnre  of  the 
Vertebral  Colamu. — Fomiation  and  Kumberot  tba  Tcrtebne. — The  Riiin 
and  Breait.bone.— Genn-history  of  the  Vtirtabral  Colnmn.— ^Tho  Noto- 
chord. — ThD  FrimitiTe  Vertebral  Flatca. — Tho  Foimation  of  (tie  Ueta- 
marm. — Cortiloginons  and  Bony  Vertebne. — Intervertebral  DiacB. — 
Head-Bkeleton  (Sknll  and  Gill -arches)  .—Vertebral  Theory  of  the  Skull 
(Goethe  and  Okeo,  Huxley  and  Qcgenbnar).— Prioiitive  Bkall,  or 
IVimordinl  Craniant. — Ita  Formation  from  Nine  or  Ten  CoftlBacent 
HrtatDcra.— The  Gill-arehes  (Bibs  of  the  Bead),— Bonea  of  the  Two 
PitirB  of  Limbs, — Devotopment  of  the  Fivo-Coed  Foot,  adapted  for 
TTalking,  from  the  Manj-toed  Fin  cf  the  Fish.— The  Primitive  Fin 
of  tbe  SeUichiaai  {ATch-iplerygiiiin  of  Gegenbaur). — Tranaition  of  the 
Pinnate  into  the  Somi-pinnate  Fin.— Atrophy  of  the  Bay*  or  TocB 
of  the  Fini. — Many.flngercd  and  Five.fiogcred  TeilebrateB. — Com. 
parisou  of  the  Anturior  Limba  (Pectoral  Fins)  and  the  Posterior  Limbs 
(Ventral  Fine). — Shoulder  Girdle  and  Pelvia  Girdle,— Genn-history  of 
the  Iiimba.— Developmeot  of  the  Mnsclea. 

"  tn  forming  his  estiniate  of  tny  entire  theory,  the  reader  may  begin  with 
the  dotaib  aad  examine  tlie  fandamcatal  facta  on  which  I  base  my  cun- 
dBumia.  Bnt  it  is  equally  niracsBary  to  connect  the  detached  facl«,  and 
Htimate  their  bearing  on  the  whole.  He  who  in  the  world  of  organignts  sees 
gnlj  ditconnected  exuteoces,  in  which  some  orgaoic  eimilnritics  appear  aa 
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accidental  coincidenoM,  will  remain  a  stranger  to  tba  remits  of  tli 
investigation ;  not  merely  because  ho  does  not  comprBfaend  the  oondi 
sions,  but  principally  because  the  significance  of  the  facta  on  whidi  the 
iiro  grounded,  escapes  him.  A  fact  in  itself  is  no  more  a  aoieiitifio  leso] 
than  a  mere  collection  of  facts  is  a  science.  That  which  malrfts  a  soieai 
of  these  facts,  is  their  combination  by  that  organising  mental  facolty  iriiit 
determines  the  relations  of  the  ^cts  to  each  other." — "Kaml  Gcoumi 
(1872). 

Amonq  those  features  of  the  oi-ganization  which  are  speciall; 
characteristic  of  the  vertebrate  tribe  as  such,  the  pecalia 
arrangement  of  the  motive  apparatus,  or  '^locomotoriuiD, 
imdoubtedly  occupies  a  principal  place.  As  in  all  tk 
higher  animals,  the  active  organs  of  motion,  the  mnsetei 
form  the  most  important  part  of  this  apparatus ;  these  are 
the  fleshy  bands  which,  by  means  of  their  peculiar  contn^ 
tibility,  of  their  power  of  contracting  and  shortening;  move 
the  various  parts  of  the  body,  and  thus  change  the  positicm 
of  the  entire  body.  The  arrangement  of  these  musdcs  is, 
however,  entirely  peculiar  in  Vertebrates,  and  differs  firom 
the  arrangement  common  to  all  Invertebrates. 

In  most  lower  animals,  especially  in  Worms,  we  find 
that  the  muscles  form  a  simple,  thin  flesh-layer  immediately 
below  the  outer  skin-covering.  This  ''skin-musde  poach  ^ 
is  most  intimately  connected  with  the  skin  itself,  and  the 
same  feature  occurs  in  the  tiibe  of  the  Sofb-bodied  Animals 
(Molluaca).  In  the  great  group  of  the  Articulated  Animals 
{Arthropoda),  in  the  Crab,  Spider,  Centipede,  and  Inseci 
classes,  we  also  find  a  similar  feature,  but  with  the  difference 
that  in  these  the  skin-covering  forms  a  hard  coat  of  mail 
an  inflexible  skin-skeleton,  formed  of  chitine,  and  often  oi 
carbonated  chalk.  This  outer  chitinous  coat  of  mail  h 
jointed  in  a  great  variety  of  ways  both  on  the  trunk  Bxni 
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n  ibc  limbs  of  Articulated  Animals,  and  the  muscular 
lystem.  the  contractile  fleshy  bands  of  which  are  attached 
)0  the  inside  of  the  chitinous  tubea,  i3  conespondingly 
jtnDted  in  an  extremely  varied  manner.  The  case  is  exactly 
srersed  in  Vertebrates.  In  these  alone  an  internal  hard 
dceleton  develops;  an  inner  cartilaginous  or  bony  frame 
to  which  the  fleshy  muscles  are  externally  attached,  and  in 
nrhich  they  find  a  fimi  support.  This  bony  frame  forms  a 
jomliined  lever-apparatua,  a  passive  apparatus  of  motion. 
Che  hard  parts  of  this,  the  arms  of  the  lever,  or  the 
Jones,  are  moored  agaJnst  each  other  by  the  active  movable 
Boscnlar  bands,  as  by  hawsei-s.  This  admirable  locomotive 
tpporatue,  and  especially  its  firm  central  axis,  the  vertebral 
solumn,  is  quite  peculiar  to  Vertebrates,  on  account  of  -which 
Hit  whole  group  has  long  been  called  that  of  Vertebrates. 

This  internal  skeleton,  notwithstanding  the  similarity  of 
its  first  rudiment,  has,  however,  developed  so  variously  and 
^haracteriatically  in  the  different  vertebrate  classes,  and  in 
tlie  higher  classes  foims  so  complex  an  apparatus,  that 
Comparative  Anatomy  finds  one  of  its  richest  mines  in  this 
feature.  This  was  recognized  as  long  ago  as  the  beginning 
j{  the  century  by  the  older  Natural  Science,  which  at  once 
ieised  these  very  welcome  materials  with  peculiar  pleasure. 
That  science  also,  which  is  now  called  in  the  higher  and 
more  philosophical  sense,  "  Comparative  Anatomy,"  has 
reaped  its  richeat  harvest  from  this  field.  The  Comparative 
Anatomy  of  the  present  day  lias  studied  the  skeleton  of 
Vertebrates  more  tliorouglily,  and  revealed  the  laws  of  its 
rormation  more  successfully,  than  has  been  the  case  with 
airy  other  system  of  organs  of  the  ammal  body.  Here  the 
■rttU'kuowD   and    oft-quoted   passage,    in    which    Goethe 
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summed  up  the  general  i^esult  of  his  investigations  in  M 
phology  is  especially  appropriate : 

**  All  forms  bare  a  resemblaneo ;  nono  is  the  same  as  another, 
And  their  choms  complete  points  to  a  mystical  law."  * 

Now  that,  by  the  Theory  of  Descent,  we  have  discove 
this  "  mystical  law,"  have  solved  this  "  sacred  enigma,**  u 
that  we  can  explain  the  similarity  of  forms  by  Hered 
and  their  dissimilarity  by  Adaptation,  we  can  find 
weapon  in  the  whole  rich  arsenal  of  Comparative  Anato 
which  defends  the  truth  of  the  Theory  of  Descent  n 
powerfully  than  the  comparison:  of  the  internal  skelet 
of  the  various  Vertebrates.  We  may,  therefore,  exj 
d  priori  that  such  comparison  is  of  special  importance 
our  History  of  the  Evolution  of  Man.  The  inner  vertebi 
skeleton  is  one  of  those  organs  as  to  the  Phylogeny 
which  Comparative  Anatomy  affords  us  conclusions 
more  important  and  deeper  tlian  those  to  be  gained  fi 
its  Ontogeny.  ^^® 

More  than  any  other  system  of  organs,  the  inter 
skeleton  of  Vertebrates,  when  studied  comparatively,  clea 
and  immediately  impresses  the  observer  with  the  mecesi 
of  the  phylogenetic  connection  between  these  allied  and 
very  varied  forms.  A  thoughtful  comparison  of  the  be 
frame  of  Man  with  that  of  other  Mammals,  and  of  th 
again  'v^dtli  that  of  lower  Vertebrates,  is  alone  sufficient 
afford  conviction  of  the  true  tribal  relationship  of 
Vertebrates.  All  the  separate  pai*ts  of  which  this  be 
frame  is  composed  appear  in  other  Mammals,  in  a  gr 

*  <<  Alle  Gestalten  sind  fthnlioh,  doch  keine  gleiohflt  der  andsni} 
Und  80  dentet  der  Chor  anf  ein  geheimea  Geaeta." 
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iety  of  forms  indeed,  but  yet  iu  tlie  samo  character! bH( 
Arrangement  auJ  relative  [toaition ;   and  if  the  comparison 
f  the  anatomical  conditions  of  the  .skeleton  is  carried  out 
Mammals,  we  can  prove  that  a  direct  and  iininter- 
ted  connection  exists  throughout  between  these  various 
which    arc    apparently  so  utterly  unlike,  and   can 
illy  be  tiacetl  from  a  most  simple,  common,  fundamentjil 
Tliese  facts  alone   must  fully  convince   evciy  ad- 
herent of  the  Tlieoiy  of  Development  that  all  Vertebiatesj 
including    Man,   must    bo   traced  fi-om   a  single   common 
mt-form.  from   a   Primitive  Vertebrate ;    for  the  mor- 
Itlogical  features  of  the  innei'  skeleton,  and  of  the  mus- 
:  system  which  stands  in  the  closest  correlative  rela- 
i  to  it,  are  of  sucli  a  kind  that  it  is  ({nite  impossible 
t  conceive  a  polyphylctic  origin,  a  descent  from   several 
lerent  i-oot-foi-ms.     It  is  impossible,  on  mature  reflection, 
t  accept  the  theory  that  tlie  vertebi-al  column  with  its 
ious  appendages,  or  the  skeleton  of  the  limbs  with  their 
liousty   differentiated   pai'ts,   could  have    originated   on 
Weral  occasions  during  the  course  of  the  earth's  histoiy, 
that,  conaequently,  the   vaiious  Vertebrates  must  be 
;ous   lines   of  descent  from   Invei-tebrates. 
tdeed,  it  is  exactly  in  tliis  point  that  Comparative  Anatomy 
nd  Ontogeny  irresistibly  drive   U3  to   the  monophyletic 
ronclusiou.  that  tlie  human  race  is  a  very  recent  offshoot 
i  the  same  great  single  trunk,  from  branches  of  which  all 
tlier  Vertebrates  have  also  sprung. 

In  ordci-  to  obtain  a  view  of  the  outlines  of  the  develoji- 
iijLntof  the  human  skeleton,  we  must  fii-st  take  a  geneiiil 
iirvey  of  its  arrangement  in  the  developed  Man.  (Cf 
!  iiblo  XXXrV.  and  Fig.  231,  the  human  skeleton  from  the 
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Fig.  268.— 
Human  vertobral 
column  (in  an  np. 
right  position ; 
from  the  right 
Bide).  (After  H. 
Meyer.) 


right  side  (without  arms);  ¥ig. 
entire  skeleton  fix)m  the  front.) 
as  in  all  other  ManiTnfl.l8,  the  sb 
primarily  distinguishable  into  t 
skeleton,  or  spine,  and  the  skeleto 
appendages,  or  the  bony  £rame  of  t 
The  spine  consists  of  the  vertebra 
and  of  the  skull ;  the  latter  being  i 
liarly  modified  anterior  part  of  th* 
The  ribs  are  the  appendages  of  the 
column;  the  tongue-bone  (os  ling 
lower  jaw,  and  the  other  product 
gill-arches,  are  those  of  the  sk\] 
skeletons  of  the  two  pairs  of  liml 
tremities,  are  composed  of  two 
parts :  of  the  bony  frame  of  the  acl 
minent  extremities,  and  of  the  inn 
skeleton,  by  which  the  limbs  are 
to  the  vertebral  column.  The  gird 
ton  of  the  arms  (or  fore  limbs 
shoulder  girdle ;  the  girdle  skelett 
legs  (or  the  hind  limbs)  is  th 
girdle. 

The  bony  vertebral  column  in 
beings  (columiia  vertebraZis,  or 
Hum,  Fig.  253)  is  composed  of  thi 
or  thirty-fom*  circular  pieces  of  bor 
lie  one  behind  the  other  (one  al 
other  in  the  usual  upright  pa 
man).  These  bones  (vertehrce)  a 
rated  from  each  other  by  elastic  < 
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o   Iiilervertebral  dlica  (Ugavienta  intervertebraUa),  and 

the  same   time,   arc  connocted  Ly  joints,   so   that   thp 

■  T  ire  vertebral  column  forms  a  fimi  and  solid  fixis,  which 

liowever,  floxiblo  and  idastic,  capable  of  moving  freisly 

all   directions.     In   the  varioua   regions   of  tho   trunk, 

A  vertebra^  differ  in  form   and  connection,  no   that  th<' 

Howing  are  distinguished  in  the  human  vertebi'al  column, 

^[inning  from  above :  seven  neck-vertobi-ie,  twelve  breast- 

srtebrse,   five   lumbar- vertebra*,   five   cross -vert  ebne,   and 

■Ur  to  five  tail-vertebne.     The  uppermost,  those  directly  in 


Pic.  254, — Third  necfc.vortebm  of  man. 
Pio.  265.— Sixth  breast- vertcbm  of  man. 
Tlo.  256. — Setruud  lumbai^T(>rtebni  of  mn 


mtact  with  the  Mkull,  are  the  neck-vertebrie  (Fig.  254), 
id  arc  distinguished  by  a  hole  found  in  each  of  the 
wo  lateral  processes.  There  are  seven  neck-vertebrse  in 
Mia,  aa  in  nearly  all  other  Mammals,  whether  the  neck 
'long,  aa  in  the  Camel  and  the  Gii'affe,  or  short,  as  in  the 
'ole  and  the  Hedgehog.  The  fact  that  the  number  of  these 
sck-vertobraj  is  alwayn  seven,— and  there  are  but  few 
tooptions  (explicable  by  adaptation), — is  a  strong  ai^gw- 
Milt  for  tlic  common  descent  of  all  Mammals;  it  can  onl^' 
I  accounted  for  as  a  strict  transmission  from  a  common 
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parent-form,  from  some  Promammal  which  had  seven  i 
vertebrae.  If  each  animal  species  had  been  a  distinct 
tion,  it  would  have  been  far  more  to  the  purpose  to 
furnished  the  long-necked  Mammalia  with  a  lai^r,  an« 
short-necked  with  a  smaller  number  of  neck-vertebne. 
neck-vertebrse  are  immediatelyfoUowed  bj  those  of  the  l 
or  thorax,  which,  in  Man  and  most  other  Mammals,  nu 
twelve  or  thirteen  (usually  twelve).  Attached  to  the 
of  each  breast-vertebra  (Fig.  255)  is  a  pair  of  ribs— 
curved  processes  of  bone  lying  in  and  supporting  the  w 
the  thorax.  The  twelve  pairs  of  ribs,  with  the  conne 
intercostal  muscles  and  the  breast-bone  (fitemura)  consi 
the  breast-body  (thorax,  Fig.  252,  p.  279).  In  this  e 
and  yet  firm  thorax  lie  the  double  lung,  and  betweei 
two  halves  of  this,  the  heart.  The  chest-vertebra 
followed  by  a  short  but  massive  section  of  the  vert 
column,  formed  by  five  large  vertebrae.  These  are 
lumbar-vertebrae  (Fig.  256),  which  bear  no  ribs  and 
no  perforations  in  their  lateral  processes.  Next  come 
cross-bone  (sacrutn),  which  is  inserted  between  the 
halves  of  the  pelvic  girdle.  This  cross-bone  consists  oJ 
fixed  and  amalgamated  cross- vertebrae.  Last  comes  a  i 
rudimentary  tail-vertebral  column,  the  rump-bone  (ooi 
This  bone  consists  of  a  varying  number  (usually  four, 
rarely  three  or  five)  of  small  aborted  vertebras;  it 
useless  rudimentary  organ,  retaining  no  physiological 
nificance  either  in  Man  or  in  the  Tail-less  Apes  or  An 
poids.  (C£  Figs.  204-208.)  Morphologically  it  is,  hoTi 
very  interesting,  as  affording  incontrovertible  eviden 
the  descent  of  Man  and  of  Anthropoids  from  Long-i 
Apes.      For   this    assumption    aff^ords    the    only  poi 
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^ixpknation    of   this    rudimentary    tail     In    the    human 

«embrj'o,  indeed,  during  the  earlier  stages  of  germ-histon-. 

^he  ta.il  projects  considerably.     (Cf,  Plate  VII.  Fig.  ilf  II., 
and  Figs.  123,  a,  124,  g.  vol.  i.  p,  370.)    It  afteiwaida  becomes 
-adherent,  and  is  no  longer  externally  visible.      Yet  traces 
<.f  the  aborted  tail-vertebne,  as  well  as  of  the  rudimentarj- 
muscles,  which  formerly  moved  thenj,  persist  throughout  life. 
Accoi-ding  to  the  earlier  anatomists  the  tail  in  the  fcmak- 
human  being  has  one  vertebra  more  than  that  of  the  mtd-:-. 

a<four  in  the  latter,  five  in  the  former).'" 

^^^mta''\/ytrttb7aii,ian-mtailarlHn{. 
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other.  On  the  other  hand,  the  above  comparison  « 
number  of  vertebrae  in  different  tail-less  and  tailed  data 
shows  considerable  fluctuations  in  these  numbers  e^ 
this  one  family.^^ 

To  understand  the  history  of  the  development 
human  vertebral  column,  we  must  now  study  the  for 
combination  of  the  vertebrsB  in  somewhat  greater 
The  main  outline  of  each  vertebra  is  that  of  a  sign< 
(Figs.  254f-256).  The  thicker  part,  which  faces  the  ^ 
side,  is  called  the  body  of  the  vertebra,  and  it  forms  t 
disc  of  bone ;  the  thinner  forms  a  semi-circular  ard 
vertebral  arch,  which  is  turned  toward  the  dorsal  side 
body.  The  arches  of  all  the  consecutive  vertebrae  are  i 
nected  by  thin  ligaments  (ligamenta  intercruralia)  tl 
space  enclosed  by  them  all  in  common  forms  a  long 
In  this  spinal,  vertebral  canal  lies,  as  we  have  seen,  tl 
portion  of  the  central  nervous  system,  the  spinal  n 
The  front  part  of  this,  the  brain,  is  enclosed  in  the 
cavity,  and  hence  the  skull  itself  is  merely  the  a 
section  of  the  vertebral  column,  modified  in  a  peculii 
The  base  or  ventral  side  of  the  bladder-shaped  brain- 
w^as  originally  formed  by  a  number  of  coalescent  V€ 
bodies,  the  amalgamated  upper  vertebral  arches  of 
formed  the  arched  or  ventral  side  of  the  skull. 

While  the  firm,  massive  vertebral  bodies  constit 
true  central  axis  of  the  skeleton,  the  dorsal  arches  s 
enclose  and  protect  the  central  man-ow.     Analogous 
also  develop  on  the  ventral  side  as  a  protection 
thoracic  and  abdominal  viscera.    These  inferior  or 
vertebral  arches,  proceeding  from  the  ventral  side 
vertebi-al  bodies,  form  a  canal  in  many  low  Vertebr 
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■ioh  &ro  enclosed  the  large  blood-vessels  on  the  under 
'face  of  the  vertebral  column— the  aorta  and  the  tail  vein. 
Iiigher  Vertebrates  moat  of  these  inferior  vertebral  arches 
I  lost  or  become  merely  rudimentarj'.  But  in  the  breast 
-tion  of  the  vertebral  column  they  develop  into  strong, 
ii'lent  bony  arches,  the  ribs  (casta).  Tlie  libs  are,  in 
iijirely  large  vertebral  arches  which  luive  become 
-kijjtiident,  and  have  broken  their  original  connection 
4h  the  vertebral  bodies.  The  gill  arches,  of  which  wu 
Ve  spoken  ho  often,  are  of  similar  origin ;  they  are  actual 
«d-ribs  in  the  Btrictest  sense — processes  which  have 
tually  originated  from  the  lower  arches  of  the  skull- 
•itehrse,  and  which  correspond  with  the  ribs.  Even  the 
ode  of  connection  of  the  right  and  left  halves  of  the  arches 
I  the  ventral  side  is  the  same  in  both  instances.  I'he 
\66t  is  closed  in  front  by  the  intervention,  between  the 
iper  ribs,  of  the  breast-bone  (sternum) — a  single  bom? 
iginating  from  two  cuiTesponding  aide-halves.  The  gill- 
dy  is  also  closed  in  front  by  the  intervention  of  a  siiigk- 
see  of  bone — the  copula  U-ngualis. 

In  now  turning  from  this  anatomical  examination  of  the 
DBtitution  of  the  vertebral  column  to  the  question  of  its 
velopraent,  I  may,  as  regards  the  first  and  most  important 
ktures  in  the  evolution,  refer  the  reader  to  the  explanation 
■eady  given  of  the  germ-history  of  the  vertebral  coljimn 
hap-  XJI.,  vol.  i.  pp.  369-378),  In  the  first  place,  it  is  ne- 
sary  to  recollect  the  important  fact  that  in  Man,  as  in  all 
tier  Vertebrates,  a  simple,  unarticulated  cartilaginous  rod 
first  occupies  the  place  of  the  articulated  vertebral  column. 
ija  firm  but  flexible  and  elastic  cartilaginous  rod  is  the 
lU-known  notochord  (chorda  doraalia).    In  the  lowest  Vor- 
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tebrate,  the  Amphioxus,  this  persbts  throughout  life 
veiy  umple  form,  and  permaiientiy  constitutes  the 
internal  skeleton  (Fig.  151,  i,yoL  i.  p.  420 ;  Plate  XL  i 
But  even  in  the  Mantle  Animals  (Funicata),  the 
invertebrate  allies  of  Vertebrata,  we  find  this  sanx 
chord;  tranntorily  in  the  transient  larval  tail  of 
(Plate  X.  Fig.  5,  ch) ;  permanently  in  the  Append 
(Fig.  162).  The  Mantle  Animals,  aa  well  aa  the  7 
have  undoubtedly  inherited  the  notochord  from  a  ( 
worm-like  parent-form,  and  these  primieval  worm  ai 
are  the  Chorda  Animals  (Chordonia,  p.  91). 

Long  before  any  trace  of  a  skidl,  limbs,  etc.,  appea: 
human  embryo  or  in  that  of  any  of  the  higher  Vertel 
in  that  early  stage  when  the  whole  body  is  represent 
i  by  the  lyre-shaped  germ-disc — in  ( 
tral  line ,  of  this  latter,  directly  un 
primitive  groove  or  medullary  fun 
pears  the  simple  chorda  dorsalis,  ( 
84-87,  vol.  i.  pp.  297,  298,  surfac 
Figs.  66-70,  89-93,  transverse  secti 
Plates  IV ,  V.,cA.)  As  a  cylindrical 
traverses  the  longitudinal  axis  of  t 
and  is  equally  pointed  at  both  en 
cells  which  compose  the  chord  (Fij 
come,  in  common  with  all  the  othe 
the  skeleton,  from  the  skin-fibroi 
They  most  resemble  certain  cartiL 
I  special  "  chordal  tissue  "  is  oftei 
exist;  but  this  must  not  be  r^ 
more  than  a  special  form  of  cartilaginous  tissue 
early  period  the  notochord  envelopes  itself  in  a  strt 
gbeaih  (a)  as  clear  aa  ^^asa,  'v\iS.<^  Sa  a^isE^^f^  by  ib 
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titm  ol  Dotochoril 
(thorda  dorsalis)  ol 
an  embrju  Bhcop : 
«,  sheath  ;  b,  cclb. 
(After  Koelliker.) 
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This  perfectly  Himple,  inarticulate,  primary  axial 
eton  is  soon  replaced  by  an  articulated,  secondary 
J  skeleton,  called  the  "vertebml  column,"  On  each  side 
he  notochord  the  primitive  vertebral  bands  or  primitive 
lebral  plates  (vol.  i.  p.  306,  Fig.  92,  itir)  differentiate  from 
inner  portion  of  the  akin-fibrous  layer.  The  inner  part 
bese  primitive  vertebral  bands,  which  immediately  sur- 
ids  the  notochord,  is  the  skeleton-plate,  or  skeleton 
turn  (t,«.,  the  cell-layer  forming  the  skeleton),  which 
ashes  the  tissue  for  the  nidimente  of  the  permanent 
lebral  coliunn  and  of  the  skull.  In  the  anterior  half 
,he  body  the  primitive  vei'tebral  plate  remains  a  simple, 
ttnuous,  unbroken  layer  of  tissue,  and  soon  expands  into 
lia-ivalled  vesicle,  whicli  surrounds  the  bram ;  this  ia  the 
Qordial  skull.  In  tho  posterior  half,  on  the  contraiy, 
primitive  vertebral  plate  breaks  up  into  a  number  of 
lologous  cube-shaped  pieces,  lying  one  behind  the  other ; 
je  are  the  several  primitive  vertebne.  The  number 
hese  is  at  first  vcrj'  small,  but  soon  increases,  as  the 
ji  grows  in  tho  posterior  direction  (Figs.  2-38-260,  uw). 
!  fii3t  and  earliest  primitive  vertebrae  are  the  foremost 
k-vertehnts ;  the  posterior  neck-vcrtobriP  then  originate ; 
a  the  anterior  brcast-vertebrse,  etc.  The  lowest  of  the 
-vertebrje  arise  last.  This  successive  ontogenetic  growth 
Jie  vertebral  column  in  a  direction  from  front  to  rear 
f  be  explained  phylogenetically  by  regarding  the  m&ny- 
ubered  vertebrate  body  as  0.  secondaiy  product,  which 
originated  from  an  originally  inarticulate  parent-form 
progressive  metameric  development,  or  articulation. 
t  as  the  raany-membered  Worms  (Earth-worm,  Leech) 
i  the  doaely  allied  Arthropods  (Crabs,  Insects)  originally 
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^^  Sre  biaddcrV!  I'l  (ore-bnlDj  s,  twixt.bnin;  m,  mid-bmii] ;  k,  hiod- 
>-Ti;  n,  ittler-hrnia;  o,  eje-*eiicles ;  y,  ear-Tegiclea  j  e,  lie*rt)  dv,  yelk. 
'  m  ^  -  nip,  mvToW-plotc  [  uu,  primiLire  vertcbis. 

I  ijied  from  an  inarticulate  worm-form  by  temiinal 
liiif^,  80  the  many-membered  vertebrate  body  han 
L.ited  from  an  inarticiJatc  parent-form.  The  nearest 
.t  allioa  of  this  parent-form  are  the  AppenJicularia 
j.^;.  162)  and  the  Ascidian  (Plate  XI.  Fig.  14). 

As  has  been  repeatedly  pointed  out,  this  primitive 
»tebrsl,  or  metameric  stmcture  has  a  very  important 
^uing  on  the  higher  morphological  and  physiological  de- 
lopment  of  Vertebrates.  (Cf.  voL  i.  p.  StS,)  For  the  aiticu- 
bdon  is  by  no  means  confined  to  the  vertebral  column,  but 
■^lally  affects  the  muscular,  nervous,  vascular,  and  other 
etema.  As  is  shown  by  the  Amphioxus,  the  metameric 
Krnoture  appeared  much  earlier  in  the  muscular  than  in 
>«  akeleton  system.     Kach  so-called  primitive  vertebra  is 

■  fact  far  more  than  the  mere  rudiment  of  a  future  verte- 
~-^      In  each  primitive  vertebra  exists  the  rudiment  of  a 

<nt  of  the  dorsal  muscles,  of  a  pair  of  spinal   nerve- 

I  -,  et«.     Only  the  inner  portion — that  which  lies  dii-ectly 

ijtt  to  the  notochord  and  the  medullary  tube — is  employed, 

t   the  skeleton-plate,  in  the  formation  of  actual  vertebne. 

^e  have  already  seen  how  these  true  vertebne  develop  from 

l:pleton-plate  of  the  primitive  vertebne  or  metamera. 

1  ight  and  left  lateral  halves  of  t^ch  primitive  vertebra. 

■  lijiiially  separate,  unite.  The  ventral  edges,  meeting  below 
%e  mt^Jullary  tube,  surround  the  chord  and  thus  form  the 
ftdiments  of  the  vertebral  boiUes  ;  the  dorsal  edges,  meeting 

vo  the  medullary  tohe,  form  the  first  rudiments  of  the 

I. ml  arohea.    (Cf  Figs,  !).!  OS,  and  Plate  IV.  Figs,  3-8.) 

voi,^  U. ^ 
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In  all  Skulled  Animals  (Cramotd),  most  of  tJ 
iindifTerentiated  cells  which  onginally  constiti] 
skeleton-plate,  aflerwards  change  into  cartilage  cellt 
r?^  g^j  secrete  a  firm,  elastic  "interoellu 
-^  !i7V  stance,"  and  thus  produce  cartil 
tissue.  Like  most  other  parts 
skeleton,  the  rudimentary  vertebi 
pass  into  a  cartilaginous  coaditi< 
in  the  higher  Yertebratee,  the 
ginous  tissue  is  afterwards  repla 
^  the  rigid  bony  tissue  with  its  [ 
radiate  bone-cellB  (Fig,  5,  voL  L  ] 
The  urigiiial  axis  of  the  vertebral  c 
tlie  notochord,  is  more  or  less  com] 
by  the  eartilaginoos  tissue  which 
vigorously  round  it  In  lower 
bratcs  {Le.,  in  Primitive  Fishes)  i 
or  less  considerable  portion  of  th' 
chord  remains  within  the  ve 
bodies.  In  Mammals,  on  the  contrary,  it  disappears 
entirely.  In  the  human  embryo,  even  at  the  end 
second  month,  the  notochord  is  seen  only  as  a  thin 
which  passes  through  the  axis  of  the  thick  cartilagino 
tebral  column  (Fig.  261,  cli).  In  the  cartilaginous  ve 
bodies  themselves,  which  afterwards  ossify,  the  thin  rt 
of  the  notochord  {Fig.  262,  clt)  soon  disappears  eotlre 
remnant  remains,  however,  throughout  life  in  the 
"  intervertebral  discs "  which  develop,  from  the  si 
plate,  between  each  pair  of  vertebral  bodies  (Fig,  2 
In  a  new-bom  child,  a  large,  pear-shaped  cavity,  fiUe 
a  gelatinous  cell-maBs,  is  visible  in  each  intervertebi 
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Fio  261  —Three 
breBBt-vertobne  of  a 
hamnn  enibijoofetgtib 
treokg    m  iBtsral  Ion 


bral  diaoB  i  ch,  noto- 
chord. (After  Koel- 
likor.) 
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^Pig.  2C3,  a).    This  "  gelatinous  nucleus  "  of  the  elastic  ver-  • 
-fcebral    disc    becomes    less    sharply    defined,   but    ijeraista 
fclirougliout  life  in  all  Maniuials,  while  in  Birds  and  Rep-  J 
^iles,   even   the  last   remnant  of  the  notochord   vanishes.! 


Fi«,  S62. — A  breast. veitebra  of  thcaune  embryo  in  laUral  cron-iection 
'.V,  MrtiUginons  lertebml  badiM;  eh,  notochDrdi  pr,  aqiura  proaeaaj 
a,  rertpbnti  arch  (upper) ;  r,  upper  end  af  rib  (lower  arch).  (After 
Kueniker.) 

Tin.  263,— iDicrrartobral  disc  of  noW'borD  child  in  croiB-wotion 
It  of  the  notochutd.     (Aftor  Koclliker.) 


When  the  cartilaginoas  vertobr^e  afterwai'ds  osiiify,  the  first 
deposit  of  bone-substance  (the  first  "bone-nucleus")  in 
the  vertebral  bodies  is  formed  immediately  lound  the  rem- 
niint  of  the  notochord,  and  soon  completely  displaces  tlio 
latter.  A  special  bone  kernel  or  nucleus  is  then  formed  in 
i.di  half  of  the  cartilaginous  vertebral  arch.  It  ia  not  till 
;lter  birth  that  the  ossification  progresses  so  far  that  the 
liree  bone-nuclei  approach  each  other.  Tlie  two  bony 
jalves  wf  the  arch  unite  during  the  first  year,  but  it  is  not 
ill  much  later,  till  between  the  eighth  and  the  twelfth 
<-ar,  that  they  unite  with  the  bony  vertebral  body. 
The  bony  skull  (cranium),  which  must  be  regarded  as 
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the  foremost,  peculiarly  modified  Becticm  of  the  Terteliil 
column,  develops  in  an  exactly  similar  manner.  Jut  i^ 
in  the  spinal  column,  the  vertebral  canal  envelopes  and  {n- 
tecte  the  dorsal  marrow,  so  the  skull  forms  a.  bony  coraiii 
round  the  brain;  and,  as  the  brain  is  merely  the  aQtaiiii; 
peculiarly  differentiated  portion  of  the  dorsal  marrow,  n 
might  conclude  on  A  priori  grounds,  that  the  bony  envdcp 
of  the  brain  is  a  peculiar  modi^cation  of  that  of  the  doinl 
man-ow.  It  is  true,  that  if  the  developed  human  skill 
(Fig.  264)  is  considered  by  itself,  it  is  impossible  to  undo- 
st&nd  how  it  can  be  merely  the  modified  anterior  portion  if 
the  vertebral  column.  It  is  a  complex,  cax>acious  hoBj 
structure,  consisting  of  no  less  than  twenty  bones,  difTerir; 
widely  in  form  and  size.  Seven  d 
these  skull-bones  constitute  die 
spaciouN  case  which  encloses  the 
brain,  and  in  which  we  distingtriiA 
the  strong,  massive  floor  of  theskaB 
(basis  cranii)  below,  and  the 
boldly  arched  roof  of  the  skull 
(fornix  a-anii)  above.  The  other 
thirteen  bones  form  the  "fiuiil 
.skull,"  which  especially  provides  the  bony  envelopes  <t 
the  higher  st-nse-oi^ans,  and  at  the  same  time  as  the  jaw- 
skeleton,  encircles  the  entrance  to  the  intestinal  canal 
The  lower  jaw  (usually  regarded  as  the  twenty-fint 
skiill-bonc)  is  jointed  to  the  skull-floor,  and  behind  this, 
embedded  in  the  roots  of  the  tongue,  we  find  the  tongue- 
bone,  which,  like  the  lower  jaw,  has  originated  from  tlie 
gill-arches,  together  with  a  portion  of  the  lower  arch,  which 
originally  developed  as  "  skuU-ribs  "  from  the  ventral  side 
of  the  skull-floor. 


Fro.  26^1.— HomoD  okuU, 
from  the  right  vide. 
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Altboogh,  therefore,  the  developed  skull  of  the  higher 
'ertehrates,  in  its  peculiar  form,  its  very  consi'lerable  size, 
nd  ita  complex  structure,  seems  to  have  nothing  in 
ommon  with  ordinary  vertebne,  yet  the  old  comparative 
natomifits  at  the  close  of  the  eighteenth  ctntmy  correctly 
lelieved  that  the  skull  is  originally  merely  a  series  of 
Bodified  veiiebrffi.  In  1790,  Goethe  "  picked  up  out  of  the 
and  of  the  Jews'  burying-gi'ound  among  the  downs  near 
i^enice,  a  dismembered  skull  of  a  sheep;  he  at  once  per- 
cived  that  the  face  bones  (like  the  three  vertebife  of  the 
>Bck  of  the  skull)  are  also  derivable  from  vertebrae."  And, 
n  1806,  Okon  (without  knowing  of  Goethe's  discovery),  at 
Jaenstein,  on  the  way  to  the  Brocken,  "  found  a  beautifully 
ilesched  skull  of  a  hind ;  the  thought  flashed  through  him, 
[t  is  a  vertebral  column ! "  ^™ 

For  the  last  seventy  years,  this  celebrated  "  Vertebral 
Cheory  of  the  Skull "  has  interested  the  most  prominent 
soologists ;  the  most  important  representatives  of  Compara- 
Sve  Anatomy  have  exercised  their  ingenuity  in  attempting 
io  solve  this  philosophical  skull-problem  ;  and  the  question 
las  engaged  attention  in  yet  wider  circles.  It  was  not  till 
1872  that  the  solution  was  found,  after  seven  years  of 
abour,  by  the  comparative  anatomist,  who,  both  in  the 
irealth  of  his  real  empirical  knowledge  and  in  the  pro- 
Tindity  of  his  philosophic  speculations,  surpasses  all  other 
[indents  of  this  science.  Karl  Gegenbaur,  in  his  classic 
'  Researches  in  the  Compamtive  Anatomy  of  Vertebrates  " 
tliird  part),  showed  that  the  skull  skeleton  of  the  Selachii 
»  the  only  record  which  affords  definite  proof  of  the  verte- 
jral  theory  of  Uie  skull.  Earlier  comparative  anatomists 
;rred  in  starting  from  the  developed  mammalian  skull,  and 


294  "^^  EVOLUTION  OF  BIAN. 

in  comparing  the  several  component  bones  with  the  se] 
parts  of  vertebrse ;  they  supposed  that  in  this  way 
could  prove  that  the  developed  mammalian  skull 
of  from  three  to  six  original  vertebrae.  The  hinHmngt 
these  skull-vertebrsB  was,  according  to  them,  the 
bone.  A  second  and  a  third  vertebra  were  represented 
the  sphenoid  bone,  with  the  parietal  bones,  and  by 
frontal  bone,  etc.  The  elements  of  anterior  skull  verteb»j 
were  even  supposed  to  exist  in  the  face  bones.  In  oppoft- 
tion  to  this  view,  Huxley  first  called  attention  to  the  fiui 
that  in  the  embryo  this  bony  skull  originally  devel(^ 
from  a  simple  cartilaginous  vesicle,  and  that  in  this  simple 
cartilaginous  '*  primitive  skull "  not  the  slightest  trace  of  a 
constitution  of  vertebrate  parts  is  visible.  This  is  equaUj 
crue  of  the  skulls  of  the  lowest  and  most  ancient  Skulled 
Animals  {Craniota),  the  Cyclostomi  and  the  Selachii.  In 
these  the  skull  retains  throughout  life  the  form  of  a  simple 
cartilaginous  capsule — of  an  inarticulate  "primitive  or 
primordial  skull."  K  the  older  skuU-theory,  as  it  was 
accepted  from  Goethe  and  Oken  by  most  comparative 
anatomists,  were  correct,  then  in  these  lowest  Skulled 
Animals  especially,  and  in  the  embryos  of  the  higher  Skulled 
Animals,  the  constitution  of  the  "  primitive  skull "  by  a 
seiies  of  "  skuU-vertebrse  "  would  be  very  clearly  evident 

'  This  simple  and  obvious  consideration,  first  duly  em- 
phasized by  Huxley,  indeed  overturns  the  famous  "  Verte- 
brate Theory  of  the  Skull,"  as  held  by  the  older  comparative 
anatomists.  Yet  the  entirely  correct  fundamental  idea 
holds  good,  i.e.,  the  hypothesis  that  the  skull  develops  from 
the  anterior  portion  of  the  spinal  column  by  difierentiation 
and  peculiar  modification,  just  as  the  brain  develops  from 
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!  anterior  portion  of  the  dorsal  manow.     But  the  trtie 
^■^xle  of  empirically  establishing  this  pliilosophic  hypothesis 
^~^te  yet  to  be  discovered ;  and  this  diacoveiy  we  owe  to 
*  ^^ubaur.'^    He  was  the  first  to  employ  the  phylogenetic 
■^.ethoJ,  which,  in  this  as  in  all  morphological  questions, 
^^«ds  most  surely  and  quickly  to  the  resiilt.     He  showed 
-*^aat  the  Primitive  Fishes  {Seladm,  Figs.  101,  192,  p.  113), 
.  the   parent-forms  of  all   Amphiihina,   yet  retain  per- 
jiently  in  their  skull-structure  that  form  of  primordial 
I,  from  which  the  modified  skull  of  the  higher  Verte- 
is,  and  therefore  that  of  Man,  has  developed   phylo- 
inetically.     He  also  pointed  out  that  the  gill-arches  of  the 
^Selachii  show  that  their  primordial   skull   was   originally 
"•^ormed  of  a  considerable  number — at  least  nine  or  ten — 
^)rimitive  vertebi-se,  and  that  the  brain-nerves,  which  branch 
from  the  base  of  the  brain,  entirely  confirm  this.     These 
♦irain-ncrves — with  the  exception  of  the  first  and  tlie  second 
jiairs  (the  olfactory  and  the  optic  nerves) — are  merely  modi- 
tied   spinal  ner\es,  and,  in   their  peripheric  distribution, 
•  ^isentially  resemble  the  latter.     The  Comparative  Anatomy 
■  jf  these  brain-nerves  is  one  of  the  strongest  arguments  for 
I  he  newer  vertebral  theoiy  of  the  skulL 

It  would  lead  us  too  far  aside  if  we  were  to  enter  into 
the  particulars  of  this  ingenious  theory  of  Gcgenbaur,  and 
I  must  content  myself  with  referring  to  the  great  work 
already  quoted ;  in  it  the  theory  is  fully  demonstrated  by 
empirical  and  philosophical  arguments.  The  same  author 
lia3  given  a  brief  abstract  in  his  "  Outlines  of  Comparative 
Anatomy"  (1874),  the  study  of  which  it  is  impossible  to 
recommend  too  highly.  In  this  work  Gegenbaur  indi- 
ciktes  ft*  original  "  skull-ribs."  or  "  lower  arches   of  skull- 
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vertebne "  in  the  aelacliiaii  akuU,  (Fig.  265),  the  folio 
pairs  of  arohes :  L  and  IL  are  two  Up  cartilagea,  of  i 
the  anterior  (a)  consiBte  only  of  an  upper,  and  tie  in! 
(})c)  of  an  upper  and  a  lower  piece;  III.,  the  j»w 
which  also  consiats  of  two  pieces  on  each  side, — ^vii 
primitive  upper  jaw  (oe  pcUato-quadraiu/m,  o)  aoc 


Fie.  S66. — Head  ikeleton  of  a  PrimitiTe  Fish ;  n,  noee.gTOOTe;  eiK 
of  the  sioTe-bone  ;  nrb,  eya-cavitj  i  la,  mil  of  ear-labyrinth  ;  ore,  (K 
region  of  the  primitive  skull ;  cr,  vertebrKt  column ;  a,  front ;  tte,  hii 
vtwiilat^  ;  o,  primitive  upper  jaw  (paJato  quadratuni)  ;  «,  primitiTG 
jawt  II.,  tODRue-aroli  i  III.- VIII.,  first  to  Birth  gill-arohea.     <Aftsl 

}>riinitivo  lower  jaw  (u);  IV.,  the  tongue  arch  (II.),  and 
X,  six  true  gill  arches,  in  the  stricter  sense  of  that 
(III.— YIII.).  The  anatomical  features  of  these  nine  0 
skull-ribs,  or  "  lower  vertebral  arches,"  and  of  the 
nerves  distributed  over  them,  show  that  the  appat 
simple,  cartilaginous  "  primordial  skull "  of  the  Prin 
Fishes  originally  develops  from  an  equal  number  (ni 
the  least)  of  primitive  vertebne.  The  base  of  the  sk 
formed  by  the  vertebral  bodies ;  the  roof  of  the  skull  b 
upper  vertebral  arches.  The  coalescence  and  amalgam 
of  these  into  a  single  capsule  is,  however,  so  ancient. 
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fcoir  primordial  separate  condition  now  appears  effaced  by 
In-  actiuD  of  the  "law  of  abridged  heredity,"  and   is   no 

.   i-  demonstrable  in  the  Ontogeny. 

'11  the  human  primitive  skull  (Fig.  266),  and  in  that  of 
ji  liigher  Vertebrates,  which  has  been  modified,  phyloge- 
ieti<^y,  from  the  primitive  skull  of  the  Selachii,  five  con- 
ecutive  divisions  are  visible  at  a  certain  early  period  of 
evoiopment ;  these  one  might  be  tempted  to  refer  to  five 


PiK.  266.— PrimitiTe  skull  of  hDmBn 
aibiTO  of  four  weofc»i  verliiail  section, 
■e  left  hall  seen  trmn  the  iiuida :  c,  i, 
s  A,  n,  the  five  gruores  in  the  ekoll 
tvitj',  in  which  lie  the  fire  brain-bloddcTi 
'ore-bniD,  twJxt-broin,  tnid.braio,  hind- 
rsin,  sftoT-braJa) ;  o,  peui'.shuped  pri- 
laiyeBr-Tsaicte  ;  a,eje;  no,  optic  nerve  : 
t»nal  of  the  hfpophjBiBt i  (,  cenlrol 
■H  of  the  cranial  basis.  (After  KoeltikiT.) 


ri^nal  primitive  vertebiie ;  they  are,  however,  merely  the 
)8ult  of  adaptation  to  the  five  primitive  brain-bladdeiB, 
ad,  like  the  latter,  they  rather  correspond  to  a  larger 
umber  of  metamera.  The  fact  that  the  primitive  verte- 
rate  skull  is  a  much  modified  and  profoundly  transformed 
Tgfiii,  and  by  no  meanB  a  primitive  structure,  is  also  evi- 
snt  in  the  circumstance  tliat  its  rudiment,  originally  a  soft 
icmbnuie,  commonly  assumes  the  cartilaginous  state  only 
i  its  base  and  on  the  sides,  while  it  remains  membranous 
i  the  skull-roof.  Here  the  bones  of  the  later  bony  skull 
;velop  in  the  soft  membranous  rudiment  as  an  external 
yay  roof,  without  a  previous  intermediate  cartilaginous 
Ate,  as  in  the  base  of  the  skull.  Thus  a  great  part  of  the 
aiB'bonea   originally   developed   as  roof-bones   from   the 
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leather-skin  (coHum),  and  only  secondarily,  oome  into  d 
relations  with  the  skull.  How,  in  Man,  this  most  simple 
primordial  rudiment  of  the  primitive  skull  develops,  c 
genetically,  from  the  head-plates,  and  how,  in  the  id 
time,  the  anterior  extremity  of  the  notochord  is  enclo8( 
the  base  of  the  skull,  has  already  been  explained, 
vol  i  p.  378 ;  Figa  145  and  146,  p.  393.) 

The  main  featm*es  in  the  lustoiy  of  the  developme 
the  gill-arches,  which  must  now  be  regarded  as  skull 
has  been  told.  Of  the  four  original  rudimentary  gill-ard 
Mammals  (Plates  I.  and  VII.,  Figs.  232-236,  p.  243),  the 
lies  between  the  primitive  mouth-opening  and  the  first 
opening.  From  the  base  of  this  gill-arch  the  "upper 
process  "  develops,  and  this  unites,  in  the  maimer  ah 
described,  with  the  internal  and  the  external  nasal  proc 
on  each  side,  and  forms  the  chief  parts  of  the  upper  jaw  s 
ton  palate-bones,  wing-bones,  eta  (Cf.  p.  245  and  268.) 
rest  of  the  first  gill-arch,  now  distinguished  as  the  "  lowe 
process,"  forms  out  of  its  base  two  ear  bonelets — the  hai 
(maUeua)  and  the  anvil  (incus);  the  rest  of  its  mass  bee 
a  long  strip  of  cartilage,  called,  after  its  discoverer, "  Me« 
cartilage."  On  the  external  surface  of  this  cartilage  o] 
ates,  as  a  surface-bone  (formed  of  cellular  matter  froi 
leather-plate),  the  permanent  bony  lower  jaw.  Froi 
base  of  the  second  gill-arch  in  Mammalia  originate 
third  ear  bonelet,  the  stirrup  (atapea),  and  from  the  s 
quent  parts,  in  order,  the  stirrup-muscle,  the  styloid  proc 
the  temporal  bone,  the  styloid  band,  and  the  small  horn  < 
tongue-bone.  Finally,  the  third  gill-arch  becomes  carti] 
ous  only  at  its  anterior  portion,  and  here,  by  the  union 
two  halves,  is  formed  the  body  of  the  tongue-bone  (cc 
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^Se<£)  odA  its  great  horn  on  each  side.  The  fourth  gill- 
,  appears  in  the  mammalian  embryo  only  aa  a  transient, 
mentary  embryonic  organ,  and  does  not  develop  into 
ial  parts.  Of  the  posterior  gill-arches  (the  fifth  and 
ii  pairs),  which  are  permanent  in  the  Piimitive  Fishes,  no 
a  is  visible  in  the  embryo  of  higher  Vertebrates.  The 
!r  have  long  been  lost.  The  four  gill-openings  in  the 
lan  embryo  are  also  only  interesting  as  transient  rudi- 
tary  organs,  which  soon  disappear  entirely  by  concre- 
ce.  The  first  gill-opening  (between  the  first  and  second 
arches)  alone  is  of  permanent  importance ;  from  it 
slops  the  drum,  or  tympanic  cavity  of  the  ear,  and  the 
tachian  tube*    (C£  p.  203,  and  Plate  I.,  with  explan- 

!Tot  only  did  Gegenbaur,  in  his  model  "  Researches  into 
Comparative  Anatomy  of  Vertebrates"  fii-st  correctly 
ain  the  skull  and  its  relation  to  the  vertebral  column, 
he  also  first  performed  the  no  less  weighty  and  interest- 
taak  of  showing  the  phylogenetic  derivation  of  the 
jton  of  the  limbs  in  all  Vertebrates  from  one  primordial 
.  Few  parts  of  the  body  in  the  diSerent  Vertebrates 
subjected,  by  adaptation  to  various  circumstances,  to 
an  infinite  variety  of  modifications  as  the  limbs,  in 
i  of  size,  form,  and  special  fitness  for  certain  purposes,  and 
ve  are  now  able  to  refer  them  all  to  one  common  here- 
y  form.  Vertebrates  are  distinguishable  aa  regards  tho 
ture  of  their  limbs  into  three  large  main  groups.  The 
rt  and  most  ancient  Vertebrates,  the  skull-less  and  jaw- 
classes,  like  all  their  invertebrate  ancestors,  had  no 
id  limbs ;  this  condition  ii  yet  represented  in  the  Am- 
Eus  and  in  the  Cydostomi  (Figs.  189, 190),    The  second 
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main  group  consists  of  the  two  daases  of  true  Rshea^ 
the  Dipneusta ;  in  these,  two  pairs  of  lateral  limbs, 
shape  of  many-fingered  swimming^fins — one  pair  of  p 
fins  (the  fore  legs)  and  one  pair  of  abdominal  fins  (hind 
are  originally  always  present  (Figs.  191,  192,  Plate 
FinaUy,  the  third  main  group  embraces  the  four 
vertebrate  classes:  Amphibia,  Reptiles,  Birds,  and  Ma; 
in  these  the  same  two  pairs  of  1^  exist  originally, 
the  form  of  five-fingered  feet  The  digits  or  fing 
often  fewer  than  five ;  sometimes^  also,  the  feet  an 
aboiied.  But  the  original  parent-form  of  the  entin 
had  anteriorly  and  posteriorly  five  digits  (Pentadac 
p.  123). 

As  regards  the  Phylogeny  of  the  limbs,  firon 
Comparative  Anatomy  it  appears,  therefore,  that  th€ 
mities  originated  in  the  Fishes,  in  the  Primitive 
(Selachii),  and  were  transmitted  from  these  to  all 
Vertebrates  (all  the  Amphirhina),  first  in  the  f 
many-fingered  fins,  and  afterwards  as  five-fingerc 
(Figs.  267-272).  The  anterior  extremity — ^the  pect 
(or  the  fore  leg) — ^is  originally  shaped  precisely  I 
posterior  extremity — ^the  ventral  fin  (or  the  hind  le 
the  one,  as  in  the  other,  the  true  limb,  externally 
nent,  is  distinguishable  from  the  internal,  concealed 
by  which  the  limb  is  attached  to  the  spinal  colun 
Moulder-girdle  above,  the  pelvic  girdle  below. 

The  genuine  primitive  form  of  the  paired  liml 
existed  in  the  most  ancient  of  the  Primitive  Fishes 
the  Silurian  Period,  occurs  to  this  day  in  perfect  pi 
tion  in  the  ancient  Ceratodus,  and  very  curious  Mud 
Australia  (p.  119,  Plate  XIL).   In  this,  both  the  peoto 
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"v-i^ntral  fin  is  a  flat,  oval  paddle,  in  which  we  find  a 

•  ■-red    or    bberial   cartilaginous    skeleton    (Fig.   207). 

skeleton  consists  fiintly  of  a  strong,  articulated  fin-i-oJ 

stem  "  (Fig.  267,  A  B).  which  extends  from  the  base  tf> 

tip  of  the  fin,  and  secondly,  of  a  double  row  of  tliiiL 

1 1  i  rays  (rr),  which  are  attached  to  both  sides  of  t^ 

!  rod,  like  the  pinnaa  of  a  pinnate  leaf.     This  pri: 

ij,  first  recognized  by  Gogenlmur,  and  by  him  caller 

.   Iiipterygium,  is  attached  to  the  spinal  column  by 

■     ill'  a  simple  girdle  in  the  shape  of  a  cartilaginoua 


[n  some  Sharks  and  Rays,  especially  when  very  young, 
same  primitive  fin  also  occurs  in  a  more  or  less  modified 
u  But  in  most  Primitive  Fishes  the  fin  is  alreadji 
ntially  modified,  in  that  the  rays  on  one  aide  of  the  s 
partly  or  altogether  Inst,  and  aie  retained  only  on  t 
r  side  (Fig.  268).  Hence  arisfs  the  half-feathered,  ci 
erial  fisli^fiu,  inherited  by  the  other  fishes  fiora 
ehii  (Fig.  2G!)). 
3egenbaur  first  showed  how  the  five-fingered  leg  1 
ihibia  is  developed  from  this  uniserial  fin  (Fig,  270)  a 
iherited  by  tliree  classes  of  Ainniota.  In  those  Din 
ta  which  were  the  ancestors  of  the  Amphibia,  the  fin  rayj 
le  other  side  of  the  stem  also  were  gradually  degrade* 
■\  I  lopment,  and  were  in  a  gi-eat  measure  lost  (the  light- 
11  lJ  cartilages  in  Fig.  269).  Only  the  four  lowest  raya 
ied  in  Fig,  269)  were  retained  ;  and  these  are  the  fon 
f  digits  of  the  foot  (second  to  fifth  digits).  The  1 
reat  digit  (toe),  on  the  contrary,  originated  from  th^j 
r  jiart  of  the  fin-rod.  From  the  middle  and  upper  parts 
lis  tin-rod  developed  the  long  main  stem  of  the  limbs 
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K — Bones  of  pectoral  Sua  of  Ceratodaa  (Archipteiyghim,  or 
a  ikeleUiii) :  A  B,  series  of  cartila^naaa  pieces  tomung  Uw 
1  of  the  Aa ;  rr,  reys  of  the  no.  (After  Gunthsr.) 
— Bomb  of  pectoral  fin  of  &□  earlier  PrimitiTB  Fiab  (AcontluM) . 
'tttTB  of  tbo  raedtaJ  edge  of  the  fin  (B)  have  disappeared ;  onlj 
reiDAiii.  RR,  ra;a  of  the  lateral  oilga  of  Gn;  mt,  UeUp- 
I,  Meiopt«rf ginra ;  p,  Propter^giom.  (After  Gegenbanr.) 
— Bonea  of  pectoral  Gn  of  a  more  recent  PrimitiTo  Fish,  or 
The  lajs  of  the  medial  edge  of  the  6n  have  eotirelj  dis- 
IB  shaded  port  on  the  right  is  thaf  portioa  which  developB  into 
ed  hand  of  higher  Tertcbriktca  (b,  the  three  basal  pieces  of 
I  Ketapterjgiani :  radimcDt  of  tho  hnmorns;  im,  Meaoptcny. 
qiterr^am).     (After  Gogeabanr.) 

. — Bones  of   the   fure-limb  of  an  Amphibian ;   h,  opper  arm 
^u,  lower  ann  [r, radius;  u,  ulna)  ;  r,e^i,c,<i,  rout-bones  of  tha  ■ 
W  (r,  isdial ;  i,  intcrmediatfl  i  c,  central ;  ■&,  nlnary]  ;  1, 2, 3, 4,  SfiU 
t  the  hand,  second  row.     (After  Gegeobaar.)  ■ 

—Bones  ot  hand  of  Gorilla.     (After  Hniley.)  1 

—Bones  of  haaaii  hand,  ueu  from  tho  bocfc.  (Aft«r  E.  Heyer.) 


prominent  in  the  higher  Vertebrata  as  the  ujiper 
8g)  (Fig.  270,  T  and  u)  and   the   lower  anu  (or 

jiy-fingered  fish -fins  thus  gave  rise,  by  a  proceaa 
reversion  and  differentiation,  to  the  five-fingered 
foot,  which  occurs  firat  in  the  Sozobranchia,  and 
D  them,  has  been  transmitted  on  tho  one  band  to 
id  to  Mammals,  up  to  Man,  on  the  other  (Fig.  272), 
Dusly  with  the  reduction  of  the  number  of  the  fin- 
a  fiirther  diflerentiation  affected  the  fin-stem  or 
transveraely  divided  into  the  upper  and 
(or  legs),  and  a  modification  took  place  in  tha 
h.  in  the  higher  Mammals  originally  consists,.! 
iorly  and  posteriorly,  of  three  bones.  Tho  simple 
original  shoulder-girdle  separates,  on  each  sida 
per  (dorsal)  piece — the  slioulder-blade  (acapiUa) 
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and  a  lower  (ventaral)  piece ;  the  anterior  portion  < 
latter  constitutes  the  pro-key  (or  collar)  bone  (procc 
deum)  and  its  posterior  part  the  raven-bone  (paracok 
The  simple  arch  of  the  pelvic  girdle  breaks  up,  corre 
ingly,  into  an  upper  (dorsal)  piece — ^the  intestinal 
(08  ilium),  and  a  lower  (ventral)  piece ;  the  anterior  j 
of  the  latter  becomes  the  pubic  bone  (pa  pubis),  ai 
posterior  portion  the  hip-bone  (pa  ischii).  Table  X3 
p.  278,  shows  the  correspondence  of  these  three  p 
the  pelvic  girdle  with  those  of  the  shoulder-girdle, 
latter,  however,  in  the  key-bone  or  collar-bone  (dav 
possesses  a  fourth,  wanting  in  the  former.  (Cf.  Gegenb 
As  in  the  girdle,  so  in  the  trunk  of  the  limbs  tl 
originally  an  absolute  agreement  between  the  anterii 
posterior  limbs.  The  first  section  of  the  trunk  is  sup 
by  a  single  strong  bone — in  the  anterior  limbs,  the 
arm  (humerus) ;  in  the  posterior,  the  upper  leg  (/ 
The  second  section,  on  the  other  hand,  contains  two  b 
on  the  anterior  extremity  the  spoke-bone  (radiu 
270,  r),  and  the  ell-bone  (ulna,  Fig.  270,  u) ;  in  the  po 
the  two  corresponding  bones,  the  shin-bone  (tibi< 
calf-bone  (fibula).  (Cf.  skeletons  in  Fig.  196  anc 
204-208).  Moreover,  the  subsequent  small  and  nu: 
bones  of  the  wrist  (carpus)  and  of  the  ankle  (tarau 
respond ;  so  do  the  five  bones  of  the  middle  of  th 
(metacarpus)  and  of  the  middle  of  the  foot  (met4xi 
Finally,  the  same  is  true  of  the  five  digits  attached  t 
parts,  which  in  their  characteristic  structure  of  a  S4 
bone-pieces  correspond  in  the  anterior  and  posterior 
Charles  Martins,  of  Montpellier,  an  excellent  morpl 
has  shown  that,  in  detail,  the  anterior  and  posterio 
correspond.^ 
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iparative  Anatomy  thus  shows  that  the  skeleton 
in  Man  is  composed  of  the  same  bones,  and  in 
as  the  skeleton  in  the  four  higher  verte- 
mtiy  justly  infer  their  common  descent 
■parent-form.  This  parent-form  was  the  moat 
iphibian  possessing  five  digits  both  on  the  fore  ' 
I  hind  limbs.  The  outermost  part  of  the  limbs 
,  been  veiy  much  modified  by  adaptation  to 
iditions  of  life.  The  diversities  in  this  point 
mammalian  class  aie  enormous.  The  slendoi 
[  Bwift  Deer  and  the  sti-ong,  springy  legs  of  the 
the  climbing  feet  of  the  Sloth  and  the  digging 
e  Mole,  the  fins  of  the  Whale  and  tlie  wings  of 
all  instances.  It  will,  of  course,  be  admitted  by 
je  organs  of  locomotion  are  as  diverse  as  possible 
size,  form,  and  special  function.  And  yet  the 
ly  skeleton  is  substantially  the  same  in  them  all. 
different  forms  of  limbs  the  same  characteristic 
ways  represented  in  essentisilly  the  same  strongly 
nnhination ;  and  here  we  have  a  weighty  confirm- 
theory  of  descent,  such  as  is  hardly  afforded  by 
ative  Anatomy  of  any  other  organ.  (Gf.  Plate 
poi  ii.  of  "  History  of  Creation")  True,  in  the 
le  different  Mammals,  tlie  skeleton  is  subject  to 
fest*  of  development  and  reversions,  in  addition 
to  special  adaptation  (Fig.  273).  Thus,  in  thu 
hand)  of  the  Dog  the  lirst  digit,  or  thumb,  is 
273  II.).  In  the  Pig  (III.)  and  the  Tapir  (V.) 
i  entirely  disappeared.  So.  too,  in  tlie  Rumi- 
tbe  Ox,  Fig.  TV.)  the  second  and  fifth  digits  arc 
and  only  the  third  and  fourth  are  well  deve- 
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loped.  Finally,  in  the  Horse,  only  one  digit,  the  tiiiii  i 
perfectly  developed  (Fig.  VL,  3).  And  yet  all  these  dim 
fore-feet,  as  also  the  hand  of  the  Ape  (Fig.  271)  and  ft 
human  hand  (Fig,  272),  have  originated  from  Uie  M 
common  five-fingered  parent-fonn.  This  is  proved, natal 
by  the  mdimente  of  the  aborted  di^j^ts,  but  also  b;  ft 
homologous  disposition  of  the  wrist-bones  (Fig.  273,  ftf 
(Vide  supra,  p.  124.) 

The  same  story  is  also  told  by  the  germ-histoiy  of  ft 
limbs,  which  is  originally  identical,  not  only  in  all  Iftmuw 
but  in  all  Yertebrates.  However  different  the  limbs  of  ft 
various  Skulled  Animals  (Craniota)  afterwards  ^tpw  > 
their  fully  developed  state,  they  nevertheless  all  origiu' 
from  the  same  simple  rudiment     (Cf.  Plates  VL  and  VO 


Fiu.  273.— Skeleton  of  Imnd  or  fore-foot  of  ats  U 
Dogi    in.   Pigi   IT.   Ox;    V.  Tapir,   7L  Howe. 
a,  lo^boid  [  h,  aemi-limar  j  c,  triqaetrnm  ((nmaitam)  i   i,  t 
^"V^^oid  S  />  oapitAtnni  (imaifaTiii  proowa)  ;  g,  hammtnm  (i 
J),  piiifoTm,  1,  tlminb;  2,  digit;  3,  middle  finger)  4, ring  fl 
finger.    (After  a«genb»or.) 
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i.  p.  302 ;  /,  fore-leg,  b,  hind-leg.)  In  all,  the  first  rudi- 
xi  of  each  limb  in  the  cmhiyo  ia  a  simple  wart,  or  small 
lb,  whieh  grows  from  the  aide  of  the  body  between  the 
sol  and  ventral  sides  (Figs.  11 9  and  1 20,  vol.  \.  pp.  357,  3-59 ; 

and  137,  pp.  3S1, 382).  The  cells  composing  these  knobs 
Mig  to  the  skin-fibrous  layer.    Tlie  outer  surface  is  coated 

■the  horn-plate,  which  is  rather  thicker  at  the  apex  of 

protuberance  (Plate  IV.  Fig.  5,  a-).  The  two  anterior 
tnberances  appear  at  a  rather  earlier  period  than  the 
k  posterior.  By  dliferentiation  of  the  cells,  these  simple 
timents  develop  immediately,  in  Fishes  and  in  the 
meusta,  into  fins.  In  the  higher  veiiebmte  classes,  on 
"  eontraiy,  each  of  the  four  protuberances,  in  the  course 
its  development,  assumes  the  form  of  a  stalked  plate,  the 
tee  portion  of  which  being  nanower  and  thicker,  the 
ier  broader  and  thinner.  The  inner  portion,  or  the  handle 
the  plato,  then  divides  into  two  sections :  the  upper  and 
rer  legs  (or  arms).  Four  notches  then  appear  in  the  free 
[6  of  the  plate,  and  these  giudually  become  deeper ;  these 
<  the  divisions  between  the  five  digits  (Plate  VIII.  Fig.  1). 
e  latter  soon  become  more  prominent.     At  first,  however. 

the  five  digits,  both  on  the  fore  and  on  the  hind  Umbs, 
I  joined  by  a  thin  connecting  web-like  membrane ;  this 
lalls  the  original  adaptation  of  the  foot  as  a  swimming-fin. 
,e  further  development  of  the  limbs  from  this  most  simple 
Hment  takes  place  in  the  same  way  in  all  Vei-tebrates ; 
It  is,  by  the  modification  of  certain  gi'oupa  of  the  cells  of 
i  skin-fibrous  layer  into  cartilage,  of  other  groups  into 
iBCks,  yet  others  into  blood-vessels,  ner\cs,  etc.  Probably 
f  differentiation  of  all  these  various  tissues  occiirs  actually 
^  limba.    Like  the  vertebral  column  and  the  skull,  the 
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lK)ny  parts  of  the  limbs  are  also  formed  at  first  frm 
imdiifcrentiated  cell-groups  of  the  skin-fibrous  layer.  1 
afterwards  change  into  cartilage,  and  fi-om  these  the 
mancnt  bones  originate  by  a  tertiary  procesa^** 

The  development  of  the  muscles,  or  the  active  orga 
locomotion,  is,  as  yet,  of  much  less  interest  than  that  o 
skeleton,  or  the  passive  instruments  of  motion.  The 
jmititive  Anatomy  of  these  is,  indeed,  of  much  highe 
portance  than  their  Embryology.  But  as  very  little  atte 
lias,  as  yet,  been  paid  to  the  Comparative  Anatomj 
Ontogeny  of  the  muscular  system,  we  have  only 
general  ideas  of  its  Phylogeny  also.  The  muscular  s\ 
as  a  whole  has  developed  in  the  most  intimate  reci] 
correlation  with  the  bone  system.^* 
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TABLE  XXXV, 


,    I.  Fieit  Fmod  :  Sh-lalon  a}  tfto  rfiorJnnio  (Fig.  187,  r-  W)- 
P  entire  HkoleCon  a  fonned  b;  tbc^  notoohord. 

.  .^letmd  Penod ;  Stsleion  o/ffti' Jcronia  (Fig.  189,  ji.  91). 

nl ■membrane,  iho  dorHil  DontianatioQ  of  which  foniia  a  corcf' 
fl  the  mcdnlUir;  tube,  a  foruied  round  the  notochord. 


:(oB(oiiif{Fig.  190,  p.  103). 
f  Tomid  the  anterior  pitrcni 
:■  Dotoohctrd,  from  the  natoohorU-meiDbraiic.    An  oatcr  cartnagini 
il1-»kclot<iu  forma  round  the  gille. 


:Brtiliigiiio(ts  primordiat  skall  deve 


IT.  FeuTlh  Period  :  Skeleton  of  the  oldtr  SeUcli!HFig.  2GS.  p.  302}. 

A  primitivo  vertebral  colanin,  with  nppor  and  lower  archoa  (tbo  gill- 

'ches  and  riba)  farms  round  tho  notochord.     Tho  romnant  of  tlio  onlcr  gill. 

'  i<i[i  rcmaiiui  with  the  ianGr.    Tvru  pairs  of  limbs,  nith  phmatc  (bisorinl) 


rttiol  SalaMi  (Fig.  269,  p.  302). 
lip-unrlilBgo  and  JDn-.arubee.    Tht- 
pairs  of  Uns  become* 


\.  l-l/thPcriod:  SkeManofthBi 

The  anterior  gill-arubes  chango 
Hdenukl  gill^lcelotou  is  lost.    Tho  sliolcton  of  Uio 
iaEMriftl  (semi-piDnaCc). 

VL  Siith  Period :  Skelttm  oj  tl^  Bipnevsta  (Fig.  2,  Ploto  XII.), 
The  skull  becomes  partiail;  oMifled ;  na  doos  the  Bhoaldcr-girdlc. 

TU.  Sevmth  Prrioi!  Sktlrlon  0/ the  Amphibia  (Fig.  370,  p.  SOS). 

Tbo  giU-archcs  are  modified  into  parts  of  tlic  toogne.bo&c,  and  of  tho  Juir- 

ipparuttui.    On  the  semi-pinnate  slcolelona  of  tho  fiiu  tho  ra^i  dimiuiili  in 

WMbw   to  four,  thus  giring  rise  to  tho  iive-toFd   foot.     The   rorl«bnl  f 
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Till.  Eighth  Period :  Skeleton  qf  the  MonotremuOa  (Fig,  196,  p.  14 

The  vertebral  oolmnn,  Bkoll,  ]awB»  and   limbi^  aoqnire  the  de 
characteristics  of  Mammals. 

IX.  Ninth  Period  :  Skeleton  of  the  Marevpidlia  (Fig.  197,  p.  l^ 

The  coracoid  bone  of  the  sbonlder-girdle  beoomes  atrophied,  as 
remnant  of  it  amalgamates  with  the  shoulder-blade. 

X.  Tenth  Period  :  Skeleton  of  the  Semi-apes  {Fig.  199,  p.  164i. 

The    pouch-bones,    which    distinguish    Honotremes    and   Hiis 
disappear. 

XI.  Eleventh  Period :  Skeleton  qf  the  Anthropoid  Apee 
(Figs.  204-208,  p.  179). 

The  skeleton  acquires  the  peculiar  development  shared  by  Xi 
clasivcly  with  the  Anthropoid  Apes. 


CHAPTER  XXI IL 

DEVELOPMENT  OP  THE  INTESTINAL  SYSTEM. 

The  Primitive  lotestiiie  of  the  Gaatrula. — Ita  HotdoIoj^,  or  Morphological 
Identity  in  nil  Animala  (eioeptiug  the  Frotozoa). — Sjitvbj  of  tbo 
Stmctore  of  the  Dorclopcd  liit«atiiial  Canil  in  Man. — The  Uouth- 
covity.— The  Thrnat  (plinn,M).— The  Gnllct  (crjophojus).— The  Wind- 
pipe Itracliea)  a.D<t  Lnogs. — The  Larjai. — The  Stotnaob. — The  Small 
Inteetine,— The  Liver  and  Gall-bladdor.— Tho  Veotmt  SaliTury  Glanil 
(pancreas). — The  Lar^  Intcatiiic. — ^Thc  Bectnm. — The  Firat  Budimont  of 
the  Simple  Inteitinal  Tabc.— The  Gaetriila  of  the  Amphioxn*  and  of 
Mamrnitlg. — Separation  of  the  Germ  from  tho  Intcatinal  Genn  Yesiolo 
(GaatToojstiB). — The  Primitive  IntcBtinc  (Protogaator)  and  the  After 
Intestine  {Metagaater).— Secondary  Formation  of  the  Month  and  Anns 
bom  the  (Jntor  Skfn, — DeTelopmcDt  of  the  Inteatinal  Epithctinni  from 
the  InteatinQl.glandnlar  I^yer,  and  of  all  other  parta  of  the  Intestine 
from  tho  Intostioal-fihraaa  Lajor. — Simple  Intftatioal  Ponch  of  the 
Lower  Worms. — Diflercntiation  of  the  PrimJtiTe  InteBtioal  Tube  into  a 
Respiratory  and  a  Digegtire  Intestine. — Gill-inteBtioa  and  Stomach' 
Intcctine  of  the  Aoiphioxna  and  A scidian.— Origin  and  Bignificunce  of 
the  Gill-openiDgB. — Their  Diaappearanoe. — The  GilUarchea  and  the  Jaw> 
skeleton. — Formation  of  tho  Teeth. — Development  of  the  Lunga  from  the 
Kwim-bladder  of  Fiah. — DilTereiitiation  of  tho  Stomach. — Development 
of  the  Liver  and  Pancreaa. — Differentiation  of  the  Small  and  Lu;go 
XntOBCinea. — Formation  of  tho  Cloaca. 

*'  Caotioaa  people  rcqniro  lu  to  oanSBo  onraelrea  to  gathering  materiala, 
jid  to  leave  it  to  poaterity  to  laiae  a  acicntifio  Btmotare  from  thoas 
?i»(«riala;  bcoanao  only  in  that  way  can  ne  mcapa  the  ignominy  of  having; 
be  tbeoiies  we  believed  in  overthronn  by  the  advanoo  of  knowledge.  The 
la  of  thia  demand  ia  apparent  enongh  from  the  fact  tbu 
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ComparatiTO  Anaiomj,  like  every  other  scienoe,  ia  endlen ;  and  tk 
the  endlessness  of  the  aocamnlation  of  materials  wonld  nerer  sBovi 
tbcj  complied  with  this  demand,  to  reap  anj  harreat  from  tins  ML 
further  than  this,  history  teaches  oa  olearlj,  that  no  age  ia  which  aa 
inqairy  has  been  active,  has  been  able  so  to  deny  itaelf,  aa,  aettii^ti 
of  its  researches  in  the  fatare,  to  refrain  from  drawing  concliisionf  & 
from  its  larger  or  smaller  treasory  of  observatxona>  and  from  ticyisgto 
gaps  with  hypotheses.  It  woold,  indeed,  be  a  hopeleas  prooeeding 
order  to  avoid  losing  any  part  of  oar  posseanonSy  we  ahonldie 
acquire  any  possessiona  whatever." — Kail  EairsT  Base  (1819). 

Among  the  vegetative  organs  of  the  human  body,  1 
development  of  which  we  now  turn  our  attention,  the 
tinal  canal  is  the  most  important.  For  the  intestiia 
is  the  oldest  of  all  the  organs  of  the  Ajfiiyny^l  \jq^ 
cairies  us  back  to  the  earliest  time  of  organological 
entiation,  to  the  first  period  of  the  Laurentian  Epoel 
we  have  already  seen,  the  result  of  the  first  divia 
labour  in  the  homogeneous  cells  of  the  earliest  many 
animal  body  must  have  been  the  formation  of  a  nn 
intestinal  canaL  The  fii*st  duty  and  the  first  need  of 
organism  is  self-support.  This  task  is  accomplished 
two  functions  of  nutrition  and  of  the  covering  of  tht 
Wlien,  therefore,  in  the  primjBval  collection  of  homog 
cells  (Syiiamoehium)y  of  the  phylogenetic  existence  of 
we  yet  have  evidence  in  the  ontogenetic  develop 
form  of  the  mulbeny-germ  (Moimla),  the  several  m< 
of  the  community  began  to  divide  the  work  of  lift 
were  first  obliged  to  engage  in  two  separate  tasks, 
half  modified  into  nutritive  cells,  enclosing  a  dii 
cavity,  the  intestinal  canal ;  the  other  half,  on  the  coi 
developed  into  covering  cells,  fonning  the  outer 
ing  of  this  intestinal  canal,  and,  at  the  same  time, 
whole  body.    Thus  arose  the  first  two  germ-layen 
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,  nutritive,  orvegetAtiTe  layer,  and  the  outer,  coverings  I 
mal  layer. 

we  try  to  construct  for  ourselves  an  animal  body  of  ■ 
mplest  conceivable  form,  possessing  such  a  primitive  I 
inal  canal,  and  the  two  primary  geim-layers  forming 
all    the  result    is   necessanly   the   very   remarkable 
form  of  the  gaatiiila  which  we  ha\i.  shown  to  eust 
mderfiil    muformjtj    thmu^'Iiout   the    whole    animal 


27A— Gastnila  of  a  C'luilt-spoDBO  (OlynthoB)  :   A,  fmm  onUiJe; 

itli  I  i,  mteBEinal  layer,  or  catodi^na  ;  s,  akiu-lajcr,  or  oiodcrm. 

;  in  the  Sponges,  Sea-nettles  {AcalepJuv),  Worms,  | 
odied  Animals(jl/o?Zi(«tns),  Articulated  Animalfi(jlriATo- 
and  Vertebrates  (Figa.  171-17P,  p.  05).  In  all  these 
s  animal  tribes  the  gastrula  reappears  in  the  same 
ly  simple  form  (Fig.  274).  Its  whole  body  is  really 
f  the  intestinal  canal ;  the  simple  ca\-ity  of  the  body. 
jgastivfi  intestinal  cavity,  'm  the   primitive  i 
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(pi'otogaslcr,  g) ;  its  simple  opening,  the  primitive  mA 
(protoatoTiia,  6),  is  at  once  mouth  and  anus ;  and  the  tn 
cell-strata  which  compose  its  wall,  are  the  two  primaf 
germ-layers :  the  inner,  the  nutritive^  or  vegetative  gem- 
layer,  is  the  intestinal  layer  (entoderma,  i) ;  and  the  oalos, 
covering  layer,  which,  by  means  of  its  cilia,  is  also  the  agot 
of  motion,  is  the  animal  layer,  or  skin-layer  (eaDoderma,i^ 
This  highly  important  fact,  that  the  gastrula  appeanastf 
early  larval  condition  in  the  individual  development  of  Ai 
most  varied  animals,  and  that  this  gastrula  always  exhitt 
the  same  structure,  and  that  the  very  differently  devekpe' 
intestinal  canals  of  the  most  varied  animals,  arises,  onto- 
genetically,  from   the    same   extremely   simple    gastnili' 
intestine,  this  vciy  important  fact  justifies,  in  aceordanv 
with  the  fundamental  law  of  Biogeny,   two   conduakw 
which  involve  important  results,  and  of  which  one  is  geneal 
and  one  special.     The  general  conclusion  is  an  indndiA 
one,  and  may  be  stated  thus :  The  very  variously  fonnd 
intestinal  canal  of  all  the    different  Intestinal  Aninik 
has  developed,  phylogenetically,   from  one  conunon  tfl 
extremely  simple  primitive  intestine,  from  the  intestioil 
cavity  of  the  Gastnea,  that  prinueval  common  parent-fonn 
which  is  at  the  present  reproduced,  in  accordance  with  Ike 
fundamental  law  of  Biogeny,  in  the  gastrula^     The  see(M 
the  special  conclusion,  wliich  is  connected  with  the  fonncr, 
is  deductive,  and  may  be  stated  thus :  The  intestinal  canil 
in  Man  as  a  whole  is  homologous  with  the  intestinal  Citfl 
in  all  other  animals ;  it  has  the  same  original  gignififff>"<*T 
and  has  developed  from  the  same  rudimentary  fonn.^ 

Before  proceeding  to  trace  the  history  of  the  develop- 
ment of  the  human  intestinal  canal  in  detail,  it  will  be 
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WkcSssry  "bneSy  to  get  a  correct  idea  of  the  mora 
Bieral  conditions  of  the  formation  of  the  intestinal  canal 
K  the  developed  Man.  Not  until  this  is  known  can  tho 
tvelopmeut  of  the  sevei-al  parts  be  correctly  understood. 
Ef.  Plat«3  IV.  and  V.,  vol.  i.  p.  321,)  The  intestinal  canal  ia 
Be  developed  Man  is,  in  all  essential  points,  exactly  similar 

■  form  to  those  of  all  other  higher  Mammals,  and,  especially, 

■  that  of  the  Catarhines,  the  Narrow-nosed  Apes  of  the 
Bd  World.  The  entrance  to  the  intestinal  canal  is  the 
btith-opening  (Plate  V.  Fig.  IG,  o).  Food  and  drijik  pass 
Ivt  through  this  into  the  mouth-cavity,  in  the  lower  part 
k-whidi  is  the  tongue.  The  human  mouth-cavity  is  hedged 
Btb  tJiir^-two  teeth,  attached  in  two  rows  to  the  two  jawa, 
pe  upper  and  lower.  It  haa  already  been  stated  that  tho 
tancB  of  teeth  is  formed  in  Man  exactly  as  in  the  Catarhine 
n>es,  but  differs  from  the  corresponding  part  in  all  other 
Kmals  (p.  173).  Above  the  mouth-cavity  is  the  double 
Le-cavity ;  the  two  parts  of  this  are  separated  by  the  par- 
Boq-wbU  of  the  palate.  But,  as  we  have  seen,  the  nasal 
kity  is  not  originally  separated  at  all  from  the  mouth- 
ferity,  a  common  nasal  anil  mouth  cavity  being  primarily 
jrroed  in  the  embryo,  and  this  Hcparates  at  a  later  period 
Bto  two  separate  stories  by  the  hard  palate-roof ;  the  upper 
i  the  nasal  cavity,  the  lower  is  the  mouth-cavity.  The  nasal 
prrity  ia  connected  with  certain  air-filled  bony  cavities; 
be  jaw-cavities  in  the  upjwr  jaw,  the  frontal  cavities  in 
be  frontal  bone,  and  tho  sphenoid  cavities  in  the  sphenoid 
nne.  Numerou.'i  glands  of  various  kinds  open  into  the 
wuth-cavity,  particularly  many  small  mucous  glands  and. 
pee  pairs  of  large  salivary  glands. 

■  The  human  mouth-cavity  is  half  closed  at  tho  back  by 
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the  vertical  curtain  which  we  call  the  soft  palate  i 
the  centre  of  the  lower  part  of  which  is  utuat 
uvula.  A  glance  with  the  mouth  open  into  a  m 
sufficient  to  show  the  form.  The  uvula  is  of  imp 
because  it  occurs  only  in  Men  and  in  Apes.  On  hoi 
of  the  soft  palate  are  the  tonsils  {tonsiUce).  Thro 
gate-like  arched  opening  situated  beneath  the  soft 
we  pass  into  the  throat-cavity  (pharynx;  Plate 
16,  ah),  which  lies  behind  the  mouth-cavity.  This 
partly  visible  in  the  open  mouth  when  reflected 
mirror.  Into  the  throat-cavity  a  narrow  passage  c 
each  side  (the  Eustachian  tube  of  the  ear),  whic 
directly  into  the  tympanic  cavity  of  the  ear  (Fig 
J).  2G0).  The  throat-cavity  is  continued  into 
narrow  tube,  the  gullet  (cesopltagus,  si"),  Throu 
the  masticated  and  swallowed  food  passes  down  i 
stomach.  The  wind-pipe  {trachea^  Ir)  also  opens  i 
upper  part  of  the  throat,  and  leads  thence  to  the 
The  opening  of  this  is  protected  by  the  epiglotti 
which  the  food  passes.  The  respirator}'-  organs,  t 
lungs  (Plato  IV.  Fig.  8,  lu),  are  situated,  in  Man,  ai 
Mammals,  in  the  right  and  left  sides  of  the  breast 
(thorax),  and  midway  between  them  is  the  hear 
8,  hr,  hi).  At  the  upper  end  of  the  wind-pipe  (tj 
below  the  epiglottis  just  spoken  of,  is  a  peculiarly 
entiated  section,  the  larynx,  which  is  protected  by  c 
laginous  frama  The  laiynx  is  the  most  important 
of  the  human  voice  and  speech,  and  also  develops 
part  of  the  intestinal  canal.  In  front  of  the  larynx  ' 
thyroid  gland  (thtfreoidea),  which  occasionally  enla 
the  so-called  '*  goitre." 
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^^^^The  giillet   (cesnjjhagua)  paasos  downward  through  the 

^^^Hmx,  along  the  vertebral  column,  behind  the  lungs  and 

^^B^  heart,  and  enters  the  ventral  cavity,  after  penetrating 

«o  *lta]>hragm.      The  latter  (Fig,  16,  s)  is  a  membrftnou^ 

»  iiscular,  transverse  partition,  whicli  in  all  Mammals  (and 

»-ily     in    these)    cfjinpletely    separatvy    the     chest-cavity 

'  horax.  rj  from  the  vt-ntral  cavity  (r,).     As  has  been  said, 

lite  divisiiin  does  not  ori£,dnally  oxi»t;  at  6rst  a  common 

i^licat   and   ventral    cavity,   the    CLeloma,   or    the   pleuro- 

Jieritoiieiil   cavity,   is  formed   in  the   embryo.     It  is   only 

aftijrwards  that  the  diaphra^i  forms  a  muscular,  horizontal 

^ai-tition  between  the  chest  and  the  ventral  cavities.     This 

lartition  then  completely  sepaiatos  the  two  csvitiea,  and 

I  penetrated  only  by  separate  organs  passing  through  the 


I 


longitndiiu 


Fiu.  2TS.~Hiimiui  itAnuuh  unci  ^U-intesti 
a,  cwilin  (limit  of  tho  (Hophngiu):  b,  fuuilus  (blind  iiso  of  llie  left  «ido) 
t,  pjlorus  fuld  ,  rf,  pjlorns  vhItp  j    «,  pjlorD»-c»vity  ;  fj  h,  ttall-intertina 
I,  nuraUi  of  tlio  g&ll-duul  luul  of  the  poiiureoB  dnct,     (Aftor  H.  Uejer.) 

chest-cavity  into  the  ventral  cavity.  One  of  the  mo» 
important  of  these  organs  is  the  gullet  {fewphaijxia).  After 
this  has  passed  through  the  diajihragm  into  the  ventral 
cavity  it  enlarges  into  the  stomach   in  which  digestion 
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oRpccially  takes   place.    The  stomach  of  an  addt 
(Fig.  275,  Plate  V.  Fig.  16,  mg)  is  an  ohlong  «]lBtli 
somewliat  obliquely,  the  left  side  of  which  Kidoi^BKrei 
a  blind-sac,  the  base  of  the  stomach  or  fundus  (h)jiim^t  [f 
right  side  narrows,  and  passes  at  the   right  oildl^lito 
the  pylorus  (e),  into  the  small  intestine.    Between  tlM 
parts  of  the  intestine  is  a  valve,  the  pyloric  valve  {d),ylli^^y  ^ 
only  opens  when  the  food-pulp  (chyme)  passes  froa 
.stomach  into  the  small  intestine.    The  stomach  itself  is 
most  impoilant  digestive  oigan,  and  serves  espediDj 
dissolve  the  food.    The  muscular  wall  of  the  stonuA 
comparatively  thick,  and,  on  the  outside,  has  strong  m^ 
layers,    which    effect    the    digestive    movements  of' 
stomach ; — on  the  inside,  it  has  a  great  number  of  ani 
glands,  the  gastric  glands,  which  secrete  the  gastric  juice. 

Next  to  the  stomach  follows  the  longest  part  of  fl* 
whole  intestinal  canal,  the  central,  or  small  intestitt 
(c/njlogrMitcr),  Its  principal  function  is  to  effect  the  ahsotf 
tion  of  the  fluid  mass  of  digested  food,  or  the  food-pulj 
(chyme),  and  it  is  again  divided  into  several  sections,  the 
fii-st  of  which,  the  one  immediately  following  the  stomadi, 
is  called  the  gall-intestine,  or  "twelve-finger  intestine*  \ 
(duodenum,  Fig.  275,  fg  h).  The  gall-intestine  forms  a  short 
loop  curved  like  a  horse-shoe.  The  largest  glands  of  the 
intestinal  canal  open  into  it :  the  liver,  the  most  important 
digestive  gland,  which  furnishes  the  bile,  or  gall,  and  a  very 
large  salivary  gland,  the  ventral  salivary  gland,  or  pancreas, 
which  secretes  the  digestive  saliva.  Both  of  these  glands 
pour  the  juices  they  secrete,  the  bile  and  pancreatic  juice, 
into  the  duodenum  (i)  near  each  other.  In  adults  the  liver 
is  a  very  lai^  gland,  well  supplied  with  blood,  lying  on  the 
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fc  side  immediately  below  the  diaphi'Sgm,  and  separated 

cho  latter  from  the  lungs  (Plate  V.  Fig.  16,  lb).    Tha 

«:srcaa   lies   somewhat   further   back  and    more   to    tha 

(Fig.  16,  p).    The  small  intestine  is  so  long  tliat  it 

~4o  lie  in  many  folds  in  order  to  find  room  in  the  limited 

>;^«   of  the   ventral  cavity ;   these   coils  an?   the   bowela 

^^:^-  lire  divided  into  an  upper  intestine,  called  the  empty 

^^^tine    (jejunum),  and   a  lower,  the   crooked   intestine 

\m).     In   this  latter  part  lies   that  part  of  the  small 

line  at  which,  in  the  embryo,  the  j-elk-sac  opens  into 

*-^     intestinal  tube.     This  long,  thin  intestine  then  passea 

*^-«:i  the  large  intestine,  from  which  it   is  separated  by  a 

-<^xiliar  valve.     Directly  behind  this  "  Bauhinian  valve" 

^*5  first  part  of  the  large  intestines  fonna  a  bi-oad  poiich- 

'  **w  expanaion,  the  blind  intestine  (('(eciim),  the  atrophied 

'  xtremity  of  which  is  a  well-known  rudimentaiy  organ,  the 

"^'eriiilfonn    process    (jrrncesstis    i-ermiformis).      Tlie   large 

*»ite8tinc  (colon)  consists  of  three  parts ;  an  asceniling  part 

K>a  the  right,  a  transverse  central  part,  and  a  descending 

f)art  on  the  left.     The  latter  finally  curves  like  an  S,  called 

the  "  sigmoid  flt-xure,"  into  the  last  part  of  the  intestinal 

eanal,  above  the  rectum,  which  opens  at  the  l«ck  by  the 

anii'<  (Plate  V.  Fig.  16,  a).     Both  the  largo  intestine  and 

the   small  intestine   ai'e  furnished  with  numerous  glands, 

most  of  them  very  small,  and  which  secrete  mucous  and 

other  juices. 

Along  the  greater  pai-t  of  its  length  the  intestinal  canal 
is  attached  to  the  inner  dorsal  surface  of  the  ventral  cavity, 
itr  to  the  lower  surface  of  the  vertebral  column.  It  ia 
I'astened  by  means  of  the  thin,  membranous  plate,  called  the 
ineaentery,  which  de\elops   directly   under  the  notochord 
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fi-om  the  intestinal-fibrous  layer,  at  the  point  lAm 
curves  into  the  outer  lamina  of  the  side-layer,  ink 
skin-fibrous  layer  (Plate  IV.  Fig.  5,  g).  The  curnng- 
was  distinguished  as  the  middle-plate  (Fig.  99,  mp). 
mesentery  is,  at  first,  very  short  (Plate  V.  Pig.  14,ff); 
soon  lengthens  considerably  at  the  central  part  of  ibb 
tinal  canal,  and  takes  the  form  of  a  thin,  tniiq 
membranous  plate,  which  has  to  be  the  more  extend 
further  the  folds  of  the  intestine  diverge  from  the 
where  they  are  first  attached  to  the  vertebral  column 
blood-vessels,  lymphatic  vessels,  and  nerves  which 
the  intestinal  canal  traveree  this  mesentery. 

Although,  therefore,  the  intestinal  canal,  in  the 
human  being  forms  an  extremely  complex  oigai 
though  it  shows  in  its  details  so  many  intricate  and  d 
structural  arrangements, — ^into  which  we  cannot 
here, — ^tliis  entire  structure  has  developed,  histo: 
from  that  simplest  form  of  primitive  intestine 
was  possessed  by  our  gastnuad  ancestors,  and  whi 
extant  gastrula  now  exhibits.  We  have  already  sho 
Chapter  VIII.)  that  the  peculiar  Hood-gastrula  (J 
gaati^ula)  of  Mammals  (Fig.  277)  may  be  referrec 
to  the  original  Bell-gastrula  (Ardiigastrtda)  form, 
among  Vertebrates,  is  now  accurately  retained  soL 
the  Amphioxus  (Fig.  276 ;  Plate  X.  Fig.  10). 

Like  the  latter,  the  gastrula  of  Man  and  of  all 
mals  must  be    regarded  as  the  ontogenetic  reprod 
of  that  phylogenetic    evolution-form  which  we   ca 
GastrsDa,  and  in  which  the  whole  body  of  the  ani] 
intestine. 

The  peculiar  form  and  mode  in  which   the  co 
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intestinal  canal  develops  from  the  einiple  gastrnll 
~which  is  similar  to  that  in  other  Mammala,  can  there- 
be  only  correctly  understood  when  it  is  considered  i 
[gilt  of  Phytogeny.     "We  mast,  accordingly,  diatinguia 


Vio.   ZJS. — ArohignBtnila  of   Amphi 


s  (in  lonKitiuUiwl  aection) :    ^ 
uteHtinal  layer;  t.  ekiD-lnfcr. 
Fio.  277. — AmphigBBlmle  ot  iannimal  (in  longitndmiu  ai-otion).     T 

*'~iiiiiliTe  inleitioe  {d)  and  primitivo  nonth  (»)  are  filled  np  bf  the  ccJi 

^  >B  iutegtiuil  l>jer  (i) ;  «,  sldn-loyer. 

'f-twoen  the  original  primary  intestine  ("the  priuiitiva 
intestine,  or  prutogaeler ")  of  the  Skull-leas  Animal^ 
\Afn-<ini(i),  and  the  ditFcrL-ntiated  or  secondary  intestinfl 
^^"aflor  intestine,  or  metagasfer")  of  the  SkuUed  Animals 
•anio(«).  The  intestine  of  the  Amphioxus  (the  repre- 
kitative  of  tho  Acrania)  forms  no  yelk-sac,  and  develofw^ 
letically,  from  the  entire  jirimitiTe  intestine  of  the 
IBtrula.  Tho  intestint:  of  the*  Skulled  Animals,  on  thff 
ler  bund,  has  a  modified,  kenogenetic  form  of  evolution, 
and  differentiates  at  a  very  early  period  into  two  different 
ikarts :  into  the  permanent  secondaiy  intestine,  which  alont 
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gives  rise  to  the  various  parts  of  the  differentiated  iniestioil 
system,  and  the  transient  yelk-sac,  which  serves  only  u  i 
storehouse  of  materials  for  the  building  of  the  embiya 
The  yelk-sac  attains  its  greatest  development  in  Frimitin 
Fishes  (Sdackii),  Bony  Fishes  {Tel€08tei),  Reptiles,  tai 
Birds.  In  Mammals,  and  especially  in  Placental  Aninuls, 
it  is  atrophied.  The  peculiar  intestinal  development  of  tbe 
Cydostomi,  Ganoids,  and  Amphibia  must  be  regarded  u 
an  intermediate  form,  between  the  palingenetic  intestjul 
development  of  the  Skull-less  animals,  and  the  kem^ 
netic  intestinal  development  of  the  Amnion  ATiinnLla  (Jia- 

We  have  already  seen  in  what  a  peculiar  -way  (lie 
development  of  the  intestine  takes  place  ontogeneUcaUy  in 
the  human  embryo  and  in  that  of  other  Mammals.  Inuue- 
diatoly  from  the  gaatrula  of  these  originates  a  globular 
intestinal  germ-vesiclo  {gaatrocyatia),  filled  with  fluid  (Figs. 
72,  73,  vol  l  p.  289).  In  the  wall  of  this  is  formed  the 
lyre-shaped  germ-shield,  on  the  lower  side  of  which,  alcng 
the  middle  line,  appears  a  shallow  groove,  the  first  radi- 
ment  of  the  future,  secondary  intestinal  tube. 

This  intestinal  groove  grows  constantly  deeper,  and  its 
edges  curve  toward  each  other,  to  grow  together  at  last  and 
form  a  tube  (Fig.  100,  voL  i.  p  333).  The  wdl  of  this 
secondary  intestinal  tube  consists  of  two  membranes  of  tbe 
inner,  intestinel-glandolar  layer,  and  of  the  outer,  intestinal- 
fibrous  layer.  The  tube  is  completely  closed  at  t^e  ends, 
having  only  an  opening  in  the  centre  of  the  lower  waO, 
by  which  it  is  connected  wiUi  tbe  intestinal  germ-vesicle 
(Plate  V.  Fig.  14).  The  latter,  in  the  course  of  development, 
becomes  continually  smaller,  as  tiie  intestinal  pjitulT  continues 
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to  grow  larger  and  more  perfect.  While,  at  first,  the  intes- 
tinal tube  appeaiB  only  as  a  little  appendage  on  one  side  of 
the  great  intestinal  germ-vesicle  (Fig,  278),  the  remnant  of 
the  latter  afterwards  forms  only  a  very  inconsiderable  appen- 
dage of  the  great  intestinal  canaL  This  appendage  is  the 
yolk-sac,  or  navel- vesicle.  It  entii-ely  loses  its  importance, 
and  at  length  disappears,  while  the  intestinal  canal  is  finally 
closed  at  tho  original  central  opening,  where  it  forms  the 
80-called  intestinal  navel  (Fig.  04,  vol.  i.  p.  312). 

It  has  also  been  said  that  this  simple  cylindrical  intestinal 
tube,  in  Man  as  in  all  Varteiji-ates,  is  at  first  entirely  closed 
at  both  ends  (Plate  V.  Fig.  14>),  and  that  the  two  permanent 
ftpenings  of  the  intestinal  canEil — at  the  anterior  extremity, 
the  mouth,  at  the  posterior,  the  anus — form  only  second- 
arily, and  from  the  outer  skin.  At  the  fore  end,  a  shallow 
mouth-furrow  originates  in  the  outer  skin,  and  this  grows 
toward  the  blind,  anterior  end  of  the  head  intestinal  cavity, 
into  which  it  finally  breaks.  In  the  same  way  a  shal- 
low furrow  for  the  anus  is  fonned  behind  in  the  skin, 
and  this  soon  grows  deeper,  and  grows  toward  the  blind 
[Historior  end  of  the  pelvic  intestinal  cavity,  witli  which  it 
finally  unites.  At  both  extremities  there  is,  at  first,  a  thin 
partition  between  the  outer  skin-furrow  and  the  blind  end 
.  if  the  intestine,  and  this  disappears  when  the  opening  is 
.Linde.>« 

Directly  in  front  of  the  anus  the  allantois  grows  out  of 
the  posterior  intestine;  this  is  the  important  embryonic 
appendage  which  develops,  in  Placental  Animals,  and  only 
in  these  (thus  in  Man  too)  into  the  placenta  (Figs.  278, 279, 1 ; 
Plate  V,  Fig.  14,  al).  In  this  more  developed  form — repre- 
sented in  the  diagram  (Fig,  94,^,  voli.  p.  312)— the  intestinal 
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canal  of  Man,  like  that  of  all  otlitr  MannnaU,  now  ft 
slightly-curved,  cylindrical  tube,  whicb  has  an  open 
Vioth  ends,  and  from  the  lower  weII  of  which  defe6 
sacs;  the  anterior  navel-bladder,  or  yelk-soc,  and  t 
tcrior  allantois,  or  primitive  urinary  sac. 

Microscopic  obse^^~ation  shows  that  tlie  thin  wall  < 
simple  intestinal  tnbe  and  of  its  two  bladder-like  I 
age»  is  composed  of  two  distinct  cell-strata.  The 
which  coata  the  entire  cavity,  consists  of  lai^r,  darkt 


Fig.  278. — Hnnuin  embryo  of   the    tbinl   woek,  wilh  tlio  n 
oilantoii.    The  greHt  globtitar  ir^lk-iac  ia  bcloir,  tbo  li 
on  the  right ;  thero  ore  bb  yet  no  limba.     Thi'  germ,  with  jta  hp^ 
eucloBed  in  the  tnfted  membrano  {choritm). 

T\a.  379. — Hnmua  einbrjo,  with  unnion  and   nllantoii,  in 
week.    (Afler  Kranae.)    The  Buiniuii  (n)  lies  prelty  cloee  t< 
greater  part  of  the  yelk-aac  {d)  has  been  torn  away.   Behind  t] 
t'ria  Bppeare  as  a  email  pear-sbnpcd  bladdn-.    AniiB  (/)  lUiil  li 
already  common ced  ;  v,  forc-broio  ;  :,  twixt-brainj 
brkin;  «,  after-brain ;  a,  ejB;  k,  three  giU-arches;  e,  hettrtj  «,  ti 
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nA  ifl  the  intestinal-glandular  layer.  The  ouUm-  stratum 
naists  of  lighter,  siaaller  cells,  and  is  the  intestinal  fibrous 
yet.  The  cavities  of  the  mouth  and  the  anus  are  the  only 
reeptions  to  this,  because  they  originate  from  the  outer 
in.  The  inner  cell-coating  of  the  entire  mouth-cavity  is 
erefore  furnished,  not  by  the  intestinal  glandular-layer, 
li  by  the  skin-sensory  layer,  and  its  muscular  lower  layer, 
>t  by  tlie  intestinal- fibrous  layer,  but  by  the  skin-tibrous 
yer.  This  is  equally  true  uf  the  wall  of  the  anal  cavity 
■lato  V.  Fig.  15). 

If  tite  (juestion  Vje  asked,  what  relation  these  component 
■rnt-layeis  of  the  primitive  intestinal  wall  bear  to  the 
finitely  varied  tissues  and  organs  which  we  afterwards 
id  in  the  developed  intestine,  the  answer  is  extremely 
oiple.  The  relations  of  these  two  layers  to  the  formation 
id  differentiation  of  the  tissues  of  the  intestinal  canal  with 
t  its  parts,  may  be  condensed  into  a  single  sentence :  The 
te^tinal  epithelium,  that  is,  the  inner,  soft  cell-stratum 
hich  coats  the  cavities  of  the  intestinal  canal  and  of  all  its 
)pendages,  and  which  directly  accomplishes  the  nutritive 
■ucess,  develops  solely  from  the  intestinal-glandular 
:  on  the  contrary,  all  other  tissues  and  organs  belong- 
'  the  intestinal  canal  and  its  appendages,  proceed  from 
:e  lutestinal-fibrous  layer.  From  this  latter,  therefore, 
ig^nates  the  entire  outer  covering  of  the  intestinal  tube 
id  its  appendages  ;  the  fibrous  connective  tissue  and  the 
QDoth  muscles  which  compose  itn  Heshy  skin ;  the  carti- 
geB  which  support  these,  for  example,  the  cartilage  of  the 
rynx  and  of  the  trachea ;  the  numerous  blood  and  lymph 
»Beb  which  absorb  nutrition  from  the  wall  of  the  intestine; 
.   ahaci,  everything   belonging  to  the  intestine,  with  the 
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exception  of  the  intestinal  epithelium.  From  the  int 
fibrous  layer  originates  also  the  entire  mesentery  \ 
the  adjacent  parts,  the  heart,  the  large  blood-vesseh 
body,  etc.  (Plate  V.  Fig.  16). 

Let  us  now  turn  aside  for  a  moment  from  this 
rudimentary  intestine  of  Mammals,  in  order  to  ins 
comparison  between  it  and  the  intestinal  canal  ( 
lower  Vertebrates  and  Worms,  which  we  have  lea 
recognize  as  the  ancestors  of  Man.  In  the  simplest  ( 
worm,  or  Turbellaria  (Khabdoccelum,  Fig.  280),  we 
very  simple  intestinal  form.  As  in  the  gastrula,  th< 
tine  in  these  Worms  is  a  simple  pouch  with  a  singl< 
ing,  which  latter  acts  both  as  mouth  and  anus  (m 
intestinal  pouch  has,  however,  difierentiated  into  t 
tions,  an  anterior  throat-intestine  (sd)  and  a  p 
stomach-intestine  (d).  This  differentiation  become 
important  in  the  Ascidia  (Fig.  281)  and  in  the  Amj 
(Fig.  282),  which  connects  the  Worms  with  the  Vert 
In  these  two  animal  forms  the  intestine  is  es» 
identical;  the  anterior  portion  forms  the  respiratoi 
intestine,  the  posterior  forms  the  digestive  stomad 
tine.  In  both  it  develops,  palingenetically,  directly  fi 
primitive  intestine  of  the  gastrula  (Plate  XI,  Figs. 
But  the  original  mouth-opening  of  the  gastn 
the  primitive  mouth,  afterwards  closes,  and  in  its  i 
formed  the  later  anus.  In  the  same  way,  the 
opening  of  the  Amphioxus  and  of  the  Ascidian  is 
formation,  as  is  the  mouth-opening  of  Man,  and  ge: 
of  all  Skulled  Animals  (Craniota),  The  secondary 
tion  of  the  mouth  of  the  Lancelet  is  connected,  as  r 
conjectured  with  some  probability,  with  the  forma 


EACLT  rOBKS  or  TEE  UI'HIUAL 

i  gill-openmgi,  vliic^  ^ifwv  dinetiy 
Tbe  bant  fntjcn  of  tlie 


I.  nB.SSO^-A  timplcaiidiaKWonntlUaUoeatiim):  m,  month;  fd.tltraat- 
^thdiiUBi  *in,  throal  moKle-TDDsi:  d,  Btonuioh-iiitatittei  iir.  mwl  ilncti; 
yriliftlcd  iiiiter-«kiiL :  nm,  oponingB  of  the  lattor  ; 
Fid.  £81.— 8tnictiirD  of  an  AaciiliikD  (seen  from  tlio  left  aiiv,  M  b  Plnta 
3.  Fig-  It).  The  ilonal  lido  ia  turned  towanl  the  right,  the  rontml  side  tt 
thti  Ivft ;  tlic  iDoalb-oponiDg  (o)  it  nboTP ;  M  tbo  oppoaito,  toil  cud,  tliS 
naciilian  lias  become  adherpnt.  Tbo  gill-intediiia  (t>r),  pprtomlnl  b;  muij' 
op«l>iD|{>.  eitHDilB  into  the  Btomach-iclpitJiii^.  Tbe  terminal  iiitMtiiu 
opens  thron^h  tha  nniu  (a)  into  the  gill-oaTitr  (cl),  from  which  th»  ricre. 
It  with  the  reBpimti?d  wntor  tlirongh  the  gill.pori*,  or  rionc* 
(Aflcr  Gpg^nbniir.) 


till  tubal  history  of  Vertebrates. 
The  most  important  proces 
■with  m  the  further  ontogenetic  d( 
of  the  mtestmal  canal  in  tjie  humi 
IS  the  ongin  of  the  gill-opening 
head  of  the  human  embryo,  the  - 
throat  very  early  unites  with  the 
of  the  body,  and  four  openings 
on  the  right  and  left  sides  <^ 
bchmd  the  mouth,  and  these  la 
from  without  into  the  throat-cwri 
openings  are  tlie  gill-openings,  ai 
titions  separating  them  are  tlie 
(Figa  116-118.  vol  i  p.  356  J 
and  v..  Fig.  15,  ka).  These  emb 
mations  are  very  interesting ;  for 

FlQ.  SS8. — Luioelet  (Amphioxut  Imeac 
the  Dttiintl  aue,  teen  from  the  left  aii 
todiokl  ud*  it  perpeudionlar,  tike  monl 
the  tail  end  below  (u  in  Fl>te  ZI.  Fig.  1 
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"hice,  in  accordance  with  the  fiindaTneiitiil  principle  of 

;  iiy,   the   Bame   pioeesa  which   was  originally  of  the 

itst  impoiiance  to  the  development  of  the  whole  vertt-- 

■   tvibe.      This  process  was  the  differentiation  of  the 

-linal  canal  into  two  sections:  an  anterior,  respiratory 

the  giil-inteatine,   which   serves  otdy  for  breathing, 

,    .  ;i,  posterior,  digestive  part,  the  stomach-intestine,  which 

si-ves  only   for  digestion.     As   we  meet   with   this   very 

haractcriRtic  differentiation  of  the  intestinal  tube  into  two, 

bysiologically,  very   flistinct  main   sections,  not   only  in 

be  Amphioxus,  but  also  in  the  Ascidian  and  the  Appen- 

icnlaria,  we  can  safely  conclude  that  it  also  existed  in 

nr  common  ancestors,  the  Chorda  Animals  {Chordonici), 

specially  a.a  even  the  Acorn  Worm  (Batanor/loaaug)  has 

t  (Fig.  186,  p.  86).     All  other   Invertebrate  Animals  are 

aitirely  without  thi.?  peculiar  arrangement. 

The  number  of  the  gill-openings  is  still  very  large  in  the 
^jnphioxus,  as  in  Ascidians  and  in  the  Acorn  Worm.  In 
ihe  Skulled  Animals  it  is,  on  the  contrary,  very  much 
essened.  Fishes  mostly  have  from  four  to  six  pairs  of  gill- 
jpenings.  In  the  embryos  of  Man  and  the  higher  Verte- 
brates also,  only  thi-ee  or  four  poira  are  developed,  and  these 
appear  at  a  very  early  period.  The  gill-openings  are  perma- 
nent in  Fishes,  and  stford  a  passage  to  the  water  which  has 
been  breathed  in  through  the  mouth  (Figs.  191, 192,  p.  113; 
Plate  V.  Fig.  13,  hi).  On  the  other  hand,  the  Amphibians 
lose  them  partially,  and  all  the  higher  Vertebrates  entirely. 
In  thelatter,  only  a  single  vestige  of  the  gill -openings  remains, 
the  remnant  of  the  tir-it  pll-opening.  This  changes  into  a 
part  "f  the  organ  of  hearing;  from  it  originates  the  outer 
uar-canal,  the  tympanic  cavity,  and  the  Eustachian  tube. 
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Systomatio  Survey  of  the  Development  of  the  Human  Inteetiiui! 
N.B. — The  parts  marked  thns  f  are  prooeasea  from  tho  intestina 


/ 


I. 

First  main  Mction 
of  the 

Intestinal 

System : 

the  Respiratory 

Intestine 
(Gill  Intestine). 

PXROQASTEB. 

(7Vae<u« 
rufiiratoritu.') 


1.  Month-cavity 
(Cbrum  oru) 


No»c-cavlty 
(CUvum  nasi) 


3.  Throat-cavity 
(flarum  pharyn- 
gU) 


4.  Lnng^vity  /IwiSne 


Mouth-opening 

Lips 

Jaws 

Teeth 

Tongue 

Tungue  hone 
f  Salivary  glands 
I    Soft  palate 
^   UvuU 

f    Kose  canal 
f  Jaw  cavities 
f  Frontal  cavities 
i\  Ethaioi4  cavity 

Isthmus  of  the  throat 

Tonsils 

Pharynx 
f  Ku.^tachian  tulie 
+  Tympanic  cavity 
f  Brain-anpendMge 
.t  Thyroid  gland 

t  I^arynx 


JKma  orit 

Labia 

MdxUkB 

Ifentet 

Linava 

Othyoidei 

GiandmUr  mh 

Vdumpaiatin 

Uvula 

Meatu9  narim 
Sinus  marillc 
Simts/rtmtaU 
Sinus  ethmoid 

Ifthmusfauci 

TbntitUt 

rkarynx 

Tuba  JSuttacM 

Cavumtympa 

Uj/pophysi* 

Tkyreoidea 

JxLfynx 
Trachea 
Pulmcmet 


n. 

Second  main 
section  of  the 

Intestinal 
System: 
Digestive 
Intestine 
(^Stomach  Intes- 
tine). 

PEPTOOAflTER. 

{TraetuM 
d^^tivM.) 


5.  Anterior 


Intf^stine  J 
(^Frosogatter)        j 


Gullet 

Stomach-opening 
Stomach 
Stomach  exit 


Central  Intertine 
(Jiksogatter^ 


/  Gall 
t  Llv( 
t  ran 


Posterior  Intestine 
{EpigasUr) 


GalUiiitesthie 

fer 
'ancreas 

Knipty  intestine 
(f  Yelk-sac,   or   navcl- 
hladder) 
Crooked  Intestine 

Large  intestine 
f  Blind  intestine 
t  Vermiform  process  of 
the  ccecum 

Bectnm 

Anal  opening 


a^pkagus 
Chrdta 
SUnmuAut 
Pylorus 

Duodenum 
Ifepar 
Pancreas 
Jejunuu^ 
( Vesicula  umi 

Ueum 

Colon 
noectim 
Processus      i 

formis 
Jiectum 
Anus 


8.  Urinary  Intestine 
1        {Urogaster} 


{+ 
U 


(t  Primitive  urinary  sac    AUantois') 


Urinary  tube 
Urinary  bladder 


Urethra 
Urocjftiis 
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lave  already  considered  thw  remarkable  formation,  an^ 
iiJy  call  attention  once  more  to  the  interesting  fact  that^ 
liuman  middle  and  external  ear  is  the  last  remnant 
le  gill-opening  of  a  Fish.     The  gill-arches,  also,  which 
■ate  the  gill-openings,  develop  into  very  various  parte.  J 
ishes  they  remain  permanently  as  gill-arches,  carrying  I 
•espiratory  gill-tufts ;  so  also  in  the  lowDst  Amphibia;! 
n  the  higher  Amphibia  they  undergo  various  moditicfr-fl 

in  the  coiu^e  of  development,  and  in  all  the  thi'e^l 
2r  vertebrate  classes,  thus  also  in  Man,  the  tongue-boner.! 
ijoides)  and  the  bonelets  of  the  ear  originate  from  the  I 
irches.     {Cf.  Plates  VI.  and  VII.) 
'rom   the   first  gill-arch,  from  the  centre  of  the  inner 
«e   of  which    the   muscular   tongue  grows,    proceeds 
rudimentary  jaw-skeleton ;  the  Hpi>er  and  lower  Jaws 
h   enclose   the   cavity    of  the   mouth   and   carry   tha, 
I.     The  Acrania  and  Monorhina  ai'e  entirely  destitute 
ieae  important  parts.     They  first  appear  in  the  genuii 
es,  and  hav«  been  transmitted  by  these  to  the  higher-1 
ebiutes.     The  original  formation  of  the  human  mouth- 
tton,  of  the  upper  and  lower  jaws,  can  thus  be  t 

to  the  earliest  Fishes,  from  which  wo  Iiave  loheritc 
u  The  teeth  originate  from  the  outer  rskin-coveriiij 
■h  covers  the  jaws ;  for,  aa  the  funnation  of  the  whol 
th-cavity  takes  place  fifim  the  outer  germ-layer,  the  tcftl 
/,  of  course,  also  have  developed  ori^nally  from  the  nkii^ 
r.  This  can  be  actually  proved  by  clo«e  aaaoncopie 
[lination  of  the  moot  deticate  structural  featarea  of  the 
L  The  scales  of  Fuh««,  c«p«clally  of  Sbariu,  are,  in 
respect,  exactJy  nnular  to  their  t««tb  (Pig.  288).  Thu- 
bnman  teeth,  in  llieir  csrUcst  origia,  arc  modiBf^i  fiah- 
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acalee.'^  On  similar  grounds  we  must  regard  the  mK 
glands,  which  open  into  the  moath-cavity,  as  really  « 
skin  (epidermic)  glands,  which  have  not  developed,  & 
other  intestinal  gluids,  from  the  intestinal^landoliil 
<^  the  intestinal  canal,  bat  from  the  outer  akin,  baa 
horn-plate  of  the  outer  germ-layer.  It  is  evid^t  tit 
the  mouth  develops  in  this  way,  the  salivary  glandi 
be  placed  genetically  in  the  same  aeries  with  the  i 
sebaceous,  and  milk  glands  of  the  epidermis. 

^^■rJk  tV^'Hk  The  human  intestinal  m 

i§J^  /!%  WVV/    therefore   quite    as    simple  i 
'jSVf  ^^M  t^9i^    original  formation  as  the  prii 
rn7#lW  WnflfiKi  intestine  of  ihe  gastrula.     I 
resembles  that  of  the  lowest  \ 
J  It  then  difierentiates  into  iv 


J^^WJl^Wm'Wjf^  tions,  an  anterior  gill-intestic 
j^^'#I*' /«i|' Mj  a  posterior  stomach-intestini 

wM 


I  the  intestinal  cuial  of  the  Li 
and  the  Ascidian.  By  the  dt 
ment  of  the  jaws  and  ^■ 
it  is  modified  into  a  true 
intestine.    Afterwards,  howe\ 

gill-intestine,  which  is  a  me 

Wjmt^WJlS^     of  the   Fish-ancestors,  as   si 
Fw.  S88.-Bc*]e«  of  „  entirely  lost   The  parta  that  i 
ShaHc  (Ctntrcphorai  taiceut).  takc  a  wholly  different  foni 

One«*rhomb<Mb<>De.tablet,noj.^,jtj,gt^„^      ^;^^^_   ^ 
Ijmg  in  the  )eatber-ikiD,  nwi  -  -.  ■ 

«  shibU,  thr«e.oi>n)ered  tooth,  section  of  OUT  mtestinal  caUi 
(Alt«r  GegenbsDT.}  Burrenders     entirely      its    o 

form  of  gill-intestine,  it  yet  retains  its  physiologiicaJ 
Hon   as  a   respiratory   intestine;     for  the  extreme 
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ting  njid  remarkable  discovery  is  now  made  that  evenfl 
wrmanent  respiratory  organ  of  the  higher  Vertebratea^  1 
Ir-breathing  lungs,  has  also  developed  from  this  anterior 
>n  of  tho  intestinal  canal.     Our  lungs,  together  with 
vind-pipe  (travhca)  and  the  laryns,  develop  from  the  . 
:il  wall  of  the  anterior  intestine.     This  entire  greabj 
liifig-apparatus,  which   occupies   the   greater  part  i 
!hest  (tfiorax)  in  the  developed  Man,  is  at  tiret  merely 
•y  small  and  simple  vesicle  or  sac,  which  grows  out 
the  intestinal  canal  immediately  behind  the  gills,  and 
separates  into  two  lateral  halves  (Figs.,  28i,  c,  285,  c ; 
I  V.  FigB.  13,  15,  16,  lu).      This  vesicle  occurs  in  all 
)brates  except  in  tho  two  lowest  classes,  the  Acrania  and 
>8tomi.    In  the  lower  Vertebrates,  however,  it  develops,^ 
nto  lungs,  but  into  an  air-filled  bladder  of  considcrablaJ 
occupying  a  great  part  of  the  body-cavity  (ccel 
which   is   of  quite   a  different   significance  from  tfaeJ 
I.     It  serves,  not  for  breathing,  but  as  an  hydrostatic  1 
nttua:    ior    vertical   swimming   movements  it  is   tho 
ming-bladder  of  Fish ;   but  the  lungs  of  Man  and  of 
ther  «r-breathing  Vertebrates  develop  from  the  same 
le  bladder-like   appendage   of  the  anterior  intcstine^J 
h,  in  Fishes,  Ijecomes  the  swimming-bladder, 
ri^nally  this  sac  abo  has  no  respiratory  function,  but  ' 
s  only  as  an  hydrostatic  apparatus,  augmenting  or 
lishing  the  specific  giavity  of  the  body.     Fishes,  in 
Ii  the  swimming-bladder  is  fully  developed,  are  able  to 
ress  it,  and  thus  to  condense  the  air  contained  in  it. 
air  sometimes  also  escapes  from  the  intestinal  canal 
igh   an   air-passage   which    connects    the    swimming- 
ler  with  the  throat  {pharyrux),  and  is  expelled  through 
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the  mouth ;  in  this  my  the  ciicumfeTenoe  cf  the  R 
ining-bladder  ia  diminished,  and  the  fish  beomta  bfl 
and  sinks.  When  the  animal  is  again  a,boat  to  ■■ 
the  swimming-bladder  is  distended  by  remitting  the 


Fro.  284. — Intestine  of  an  pnibrjooio  Dog  (wbioh  U  : 
137, to),  i.  p.  382;  after  Biacholt),  from  the  ventnl  aide:  a,  giD-arcbi 
pain)  i  b,  mdimontary  tbrtnt  and  larjni  i  c,  langa ;  li,  itomftoh  ;  /,  li 
walla  of  tbo  opened  jelk.aao,  ioto  whieh  the  Mntial  int««tiae  opci 
wido  aperture ;  h,  rectum. 

F:o.  285. — Tbo  aame  intestine,  seea  from  the  ri^t  aide :   a,  la 
atemach;  e,liTeri  li,  jelk-aao i  e,  roottun. 

pressing  force.  This  hydrostalic  apparatus  beg^ 
transformed  into  &  respiratory  organ  in  the  Mad 
(Dipneugta),  the  blood-vessels  in  the  wall  of  the 
ming-bladder  no  longer  merely  sepuating  aii,  bu 
inhaling  fresh  air,  -which  has  come  in  through  th 
passage.  This  process  is  fully  developed  in  all  Am| 
The  original  swimming-bladder  here  generally  beco: 
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Ii  and  its  air-passage  a  wind-pipe.  The  amphibian  lung 
been  transmitted  to  the  three  higher  vertebrate  classes, 
even  in  the  lowest  Amphibia  tlie  lung  on  either  side 
a  as  yet  a  very  simple,  transparent,  thin-walled  sac — as, 
~  -r  instance,  in  our  common  Water-Newta,  or  Tritons,  and 
;-  like  the  swimming-bladder  of  Fishes.  The  Amphibia 
, .  L',  it  is  true,  two  lungs,  a  right  and  a  left ;  but  in 
rnajiy  Fishea  also  (in  the  ancient  Ganoids)  the  swim- 
ning-blarlder  is  double,  the  organ  being  divided  into  a 
■ngbt  and  a  left  half.  On  the  othei-  hand,  the  lung  of  the 
CTeratodus  is  single  (p.  119).  The  earliest  rudiment  of  the 
■uDg  in  the  human  embryo  and  in  the  embryo  of  all  higher 
"Vertebrates  is  also  a  simple,  single  vesicle,  which  does  not 
neparate  till  afterwards  into  a  pair  of  halves — the  right  and 
tte  left  lung.  At  a  later  period,  the  two  vesicles  grow  con- 
■iderably,  occupy  the  greater  part  of  the  chest  cavity,  and  lie 
^Uie  on  each  side  of  the  heart ;  even  in  Frogs  we  find  that  the 
simple  sae,  in  the  course  of  its  development,  ia  transformed 
into  a  spongy  body  of  a  peculiar,  froth-like  texture.  This 
luDg-tisHuc  develops  a-s  a  tree-like,  branched  gland,  bearing 
berry-like  appendages.  The  process  by  which  the  lung-sac 
■was  attached  to  the  anterior  intestine,  which  was  originally 
Vety  sbort,  lengthens,  by  simple  growth,  into  a  long  thin 
tube ;  this  tube  is  the  wind-pipe  (trachea) ;  it  opens  above 
into  the  throat  (j)hai-ffnx),  and  below  divides  into  two 
branches  which  pass  into  the  two  lungs.  In  the  wall  of  the 
wind-pipe  ring-shaped  caitilages  develop,  which  keep  tlie 
whole  distended  ;  at  the  upper  end  of  this  wind-pipe,  below 
ite  entrance  into  the  throat,  the  larynx,  the  oi^an  of  voice 
ih,  develops.  The  larj-nx  occurs  even  in  Amphibia 
f  various  stages  of  development,  and  with  the  aid  of 
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CccLjmi^^re  Azaioccv  wv  can  true  tlie  pngrassiTe 
ziRUt  ff  tlis  imr^rant  orgmn  fixm  its  Teiy  aiinide 
in  the  lover  AinpluHa  up  to  the  eomplex  and  vocal 
tu*  rEr^-r^cnie^i  ly  the  larynx  erf*  Birds  and  V«w»wn^u 

speech,  and  air-rBnuiitia 


d-evfclop  so  differ^itlj  in  the  various  higher  Mammab^ 
jcrt  an  arise  bom  the  same  simple  original 
from  a  Teside  whidi  grows  oat  <£  the  wall  of  the  antotf  j 
intenine.  We  have  thus  satisfied  ourselves  of  the  intend- 
ing fact  that  loth  the  respiratory  apparatus  of  Yertelnto 
develop  from  the  fore  part  of  the  intestinal  i*»nul  •  ^j^  (b' 
primary  and  more  primitive  water-respiring  appaiatns,  tb 
gill-body,  which  is  altogether  lost  in  the  three  higher 
vertebrate  classes ;  and,  afterwards,  the  seoondaiy  and  mow 
recent  air-breathing  apparatus,  which  acts  in  Fishes  cmlj 
as  a  swimming-bladder,  but  as  a  lung  from  the  DipneusU 
upwards. 

We  must  say  a  few  words  about  an  interesting  rudi- 
mentary organ  of  the  respiratory  intestine,  the  thywid 
gland  {thyreoidea),  the  large  gland  situated  in  front  <rf  tbe 
larynx,  and  below  the  so-called  "  Adam's  apple,"  and  which, 
especially  in  the  male  sex,  is  often  very  prominent ;  it  i» 
produced  in  the  embryo  by  the  separation  of  the  lower  vail 
of  the  throat  (pharynx).  This  thyroid  gland  is  of  dd 
use  whatever  to  man;  it  is  only  sesthetically  interesting 
l)ocauso  in  certain  mountainous  districts  it  has  a  tendency 
to  enlarge,  and  in  that  case  it  forms  the  ''goitre'*  whidi 
hangs  from  the  neck  in  front.  Its  dysteleological  interest 
iH,  liowevcr,  far  higher;  for  as  Wilhelm  MUUer  of  Jens 
IioH  shown,  this  useless  and  unsightly  organ  is  the  last 
n^nnant  of  the  "  hypobranchial  groove,"  which  we  have 
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eady  considered,  and  'which,  in  tbe  Ascidia  and  in  the 
ophioxus,  travei-ses  tbe  middle  of  the  gill-body,  and  is  of 
?at  iinportance  in  conducting  the  food  into  the  stomach 
A.  i.  ij.  420;  Plate  XI.  Figs.  14-16,  y)}^ 

The  second  main  section  of  tbe  intestinal  canal,  tlic 
'iiiach  or  digestive  intestine,  undergoes  modifications  no 
s  important  than  those  affecting  the  first  main  section. 
I  tracing  the  further  development  of  this  digestive  section 

the  intestinal  tube,  we  again  find  a  very  complex  and 
nposite  organ  eventually  produced  from  a  very  simple 
liment.  For  the  sake  of  rendering  the  matter  more 
lelligiblc,  we  may  distinguish  the  digestive  intestine 
»  thrc«  parts:  the  fore  intestine  (with  the  gullet  and 
imacb) ;  the  middle  intestine,  the  gall-intestine  (with  tbe 
er  and  pancreas) ;  the  empty  intestine  (jfjiiwtm.),  and 
loked  intestinu  (ilcnt);  and  the  hind  intestine  (large 
destine  and  rectum).     Here  we  again  find  protuberanccB 

appendages  of  the  originally  simple  intestinal  tulie 
uch  ctumge  into  very  various  etructures.  We  have 
■eady  discussed  two  of  these  appendnges — the  yelk-sac, 
licli  protrudes  from  the  middle  of  the  intestinal  tubo 
1^.  286,  c),  and  tbe  ailantois,  which  grows  out  of  the 
li  portion  of  the  pelvic  intestine  as  a  large  sac-like 
)tal>6rAiice   (m).      Tbe    protuberances    from    the    middle 

tbe  intestine  are  the  two  gieat  glands  which  open 
ID  the  duodenum,  tbe  liver  (/;)  and  tbe  ventral  salivary 
■od. 

Immediately  behind  tbe  bladder-like  i-u<liment  of  the 
^ga  (Fig.  286,  Q  comes  that  portion  of  the  intestinal  tube 
lich  forms  tbe  most  important  part  of  the  digestive 
namtOB.  viz.,  the  stomach  (Figs.  28i,d,  SSo,  b).     This  aac- 
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shaped  organ,  iii  which  the  food  in  especially  dLaolni 
digested,  in  not  si>  comples  in  structure  in  the  lower  ^ 
bratea  as  in  the  liight-r.  Thus,  for  instance,  in  many  F 
it  appears  as  a  very  simple  »pindle-shaped  expanaonl 


Fin.   S86. — LDDgitatlinnl  sootian  tlironncli  an  iMnbryoiiio   Chkk 
£fth day  of  incuboliou :  d. intcBtino ;  ii,moDtb:  a,ai>iiii;  l,laog«i 
17,  joeaeDterj;  v,  Boricle  of  be&rt;  t,  vontxiole  of  hourt ;   b,  oitcri*! 
i,  aorta;   c,  jenc-saci  nt,  yclk-dnct;  ii,  uUantoiBj    r,  sUUk  ot  a 
utnoion ;  m,  unnion-iMtrilj  ;  a,  aeraaa  mcnibrane.     (After  Boer.) 

beginning  of  the  digesti\'o  section  of  the  intestine, 
latter  passes  fi'om  front  to  rear  in  a  straight  line  um 
spinal  column  in  the  central  plane  of  the  body,  In 
mals  the  rudiment  of  this  organ  is  as  simple  as  il 
is  permanently  in  Fishes ;  but  at  a  very  early  porio 
various  parts  of  the  stomach-sac  begin  to  develop  unoc 
As  the  letit  aide  of  the  spindle-shaped  poucli  gruws 
more  vigorously  than  the  right,  and  aa,  at  the  i 


OEVELOPME-N'T  OF  THK   STOiLiCtt. 

occurs  a  considerable  obliquity  of  ita  axis,  it  sooal 
js  an  oblique  position.  The  upper  end  lies  more  to^ 
t  and  the  lower  end  more 
right.  The  anterior  end 
la  so  as  to  form  the  long 
r  canal  of  the  ^i^iUet 
ia»pwi)  ;  below  the  latter, 
!ind-sac  of  the  stomach 
lie)  bulges  out  to  the  left, 
ma  the  later  form  of  the 
:Ii  is  gradually  developed 
87,  e;  Fig. -275,  p.  317).  The 
(■hich  was  originaII\'  verti- 

287.— Hmuan  cmbiyo  uf  rire 
fnim  tbe  vontrol  Me  -,  openml 
■d).  Tbe  brsoBt  wall,  ubdonuDal 
d  liver,  have  hecii  removed.  ;i, 
I  nasal  proceae  ;  4,  uppor  jaw  ;  u, 
iW!  t,  loDgae'.  •;  right,  i*',  left 
c   of   heart ;   u',   left  bqiidIb   of 

b,  origin  uf  a«rtB ;  h'  6"  I'",  Isl, 
'd  ■uirtB..DrchiM ;  c  c'  c",  bollow 
w,  luuga  ('J,  lnng.arteriea) ;  », 
I ;  m,  primitive  kidneys  (j,  left 
in;     K,    iijloma;     a,  i-t^-ht  j-clk- 

II,  navcl-artnry  j  «.  nnvtl-veinl : 
■doct ;  I,  lermina]  iatcstioo  ;  H, 
KM^imb     9'.  hind-linrb.    (Aflci' 


TVr  inclines  from  a  hij^lier  poiiiv  on  the  left  to  a  h 
»  right,  and  continually  acquiies  a  more   tiunsvi 
ton.      In  tho  outer  stratum  uf  the  stomach-wall, 
tJie  intestinal-fibrous  layer,  develop  the  strong  muscles 
I   perform   the   powerful    digestive    movements.      In 
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the  inner  stratum,  on  the  contrary,  innumerable 
glands  develop  from  the  intestinal-glandular  layer. 
are  the  peptic  glands,  which  supply  the  most  impodirt 
fligestive  fluid — the  gastric  juice.  At  the  lower  cxtronlf 
of  the  pouch  of  the  stomach  a  valve  develops,  whidiV 
the  pylorus,  sei^arates  the  stomach  from  the  small  intesiiv 
(Fig.  275,  d). 

The  disproportionately  long  middle  intestine,  or  snd 
intestine,  now  develops  below  the  stomach.  The  devdof- 
ment  of  this  section  is  veiy  simple,  and  is  essentially  canel 
by  a  very  mpid  and  considerable  longitudinal  grovik. 
Originally  this  section  is  verj'  short,  straight^  and  maf^\ 
but  immediately  below  the  stomach  a  horseshoe  bend^cr 
loop,  begins  to  appear  at  a  very  early  period  in  the  intestiml 
canal,  simultaneously  with  the  separation  of  the  intestiotl 
tube  from  the  yelk-sac  and  witli  the  development  of  thf 
mesentery.  (Cf  Plate  V.  Fig.  14f,  g,  and  Fig.  136,  voL  L  p.  38L) 
Before  the  abdominal  wall  closes,  a  horseshoe-shaped  loop  of 
intestine  (Fig.  136, 'jn)  protrudes  from  the  ventral  opening  of 
the  embiyo,  and  into  the  cunx  of  this  the  yelk-sac  or  navd- 
bladder  opens  (n).  Tlie  tliin,  delicate  memhrane  ndiiek 
secures  this  intestinal  loop  to  the  ventral  side  of  the  vertebnl 
column,  and  occupies  the  inside  of  this  horseshoe  curvepi» 
the  first  rudiment  of  tlie  mesentery  (Fig.  286,  g).  The  motit 
prominent  part  of  tlic  loop  into  which  the  yelk-sac  qwis 
TFig.  287,  a?),  and  which  is  afterwards  closed  by  the  intestivil 
navel,  represents  that  part  of  the  small  intestine  which  is 
afterwards  called  the  crooked  intestine  (ileum),  Soons 
very  considerable  growth  of  the  small  •  intestine  is  obs^^ 
able ;  and  in  consequence,  this  part  has  to  coil  itself  in  nuuif 
loopQ.    The  various  parts  of  the  small  jt^testine  which  ire 
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I  yet  to  distinguish  differcntiata  later  in  a  very  simpk- 
1  these  are  the  gall-inteatine  (duodenum),  which  13 
i  to  the  stomach,  the  long  empty  intestine  (jejutvuni) 
b  succeeds,  and  the  last  section  of  the  small  inteatine. 

Hiked  intestine  (;Uettm). 
^e  two  lai^  glands  which  we  have  already  named,  the 
f  and  the  ventral  salivary  gland,  gi'ow  out,  as  protuber- 
1,  from  the  gall-intestine,  or  duodenum.  The  liver  first 
i  in  the  form  of  two  small  sacs,  situated  right  and  left 
■  behind  the  stomach  (Figs.  '2H4i,/,  285,  c).  In  many  low 
pbi-ates  the  two  livers  remain  quite  sepai-ate  for  a  long 
f  (in  the  Myxlnoides  for  life),  and  coalesce  only  imper- 
In  higher  Vertebrates,  on  the  otiicr  hand,  the  two 
i  coalesce  more  or  loss  complettly  at  an  early  period, 
ftconstitute  one  large  organ.  The  intestinal-glandulai' 
t  which  lines  the  hollow,  pouch-Uko  mdiment  of  the 
\  sends  a  number  of  branched  processes  into  the  investing 
tal-fibroua  layer ;  as  these  solid  processes  (rows  of 
1-cella}  again  branch  out,  and  as  their  branches  coalesce, 
^peculiar  netted  structui-e  of  the  developed  liver  is 
piced.  The  liver-cells,  as  the  secreting  organs  which 
[  the  bile,  all  originate  from  the  intestinal-glandulai- 
The  fibrous  mass  of  connoetive  tissue,  which  joins 
!at  cellular  network  into  a  lai'ge  compact  organ,  and 
li  invests  Uie  whole,  comes,  on  the  other  hand,  from  tlie 
ibrous  layer.  From  tlic  latter  originate  also  the 
I  blood-vessels  which  tiavoi-se  the  entire  liver,  and 
tlie  innumerable  netted  branches  of  which  are  interlacetl 
with  the  network  of  the  livLT-cells.  The  gall-duct^,  whicli 
traverse  the  entire  liver,  collecting  the  bile  and  discharging 
it  into  the  intestine,  originate  as  intercellular  passages  aJonjj 
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the  axk  of  the  ioUd  feD-conls ;  tb^  all  iliwlwu^i  i 
two  primHiTe  main  gall  m-  tnliuy  duets,  wludi  a 
from  the  bue  tjt  the  two  original  protubeiaiiees 
intestme.  In  Man,  and  in  many  other  VotetHste 
two  dacts  afterwards  unite,  and  form  iHie  ample  gi 
whidi  disdarges  into  the  asrerxling  parti(»t  of  tl 
intestme.  The  gall  bladder  originates  as  a  boUo 
tuberance  of  the  right  primitiTe  liver  duct.  The 
of  the  liver  ia  at  first  esceedingly  rsjud;  in  the 
cmbiyo,  even  in  the  »?«iad  month,  it  attains  such 
ucms  that  daring  the  third  month  it  occupies  by 
largest  i«rt  of  the  hody-i-avity    Fig.  288).     At  fire 


Fic.  38&— ChMt  umI  abdotnliial  riet 
bniDui  nobtTo  of  twelve  weeks,  in  luiti 
(After  KoFlliker.)  Tlie  bnd  ta  omitted  i  t 
aod  abdominal  wall*  removed.  The  gm 
of  the  abikHninal  oailtj  it  ootmpied  br  i 
from  an  opening  in  the  centre  of  wbich  t 
intestine  (fir<-H«,  r),  with  the  wDrm  ap 
protTDdee.  Abon  the  diai^mgm  the 
Ttiible  in  the  centre,  with  the  smJI  Inng 


halves  are  equaUy  well  developed ;  afterwards  the  I. 
lies  considerably  behind  the  right.  In.  consequence 
asymmetrical  development  and  alteration  in  iie  posi 
the  stomach  and  other  abdominal  viscera,  the  whole 
liver  is  eventually  forced  over  on  to  the  ri|^t  ade.  All 
the  growth  of  the  liver  is,  afterwards,  not  so  ezcesdv 
at  the  end  of  gestation,  it  is  comparatiTOly  mach  lai 
the  embiyo  than  in  the  adidt.    In  tiie  latter,  its  • 
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^  jHropoi'lioit  to  that  of  the  whole  body  is  as  1 :36;  in  the 
_  araer.  as  1 :  18.     The  physiological  significajico  of  the  liver 

'ii;j;  embryonic  life — which  is  very  great — depends  espe- 
v  on  the  part  it  plays  in  the  formation  of  blood,  and 
-.-■  iin  its  secretion  of  bile. 

From  the  gall-In  teat  ine,  immediately  behind  the  liver, 
;ii,iwri  another  lai-ge  intestinal  gland,  the  vent ml-aali vary' 
^land,  01'  pancreas.  This  organ,  which  occura  only  in 
Skulled  Animals,  also  develops  as  a  hollow  Bac-shaped 
protuberance  of  the  intestinal  wall.  TIk-  intestinal-glan- 
dular layer  of  the  latter  sends  out  branching  shoots,  which 
afterwards  become  hollow.  The  ventral-salivary  gland,  jiiat 
Uko  the  salivary  glands  of  the  mouth,  develops  into  a  large 
and  very  complex  gland  shaped  like  a  bunch  of  grapes. 
Vbe  outlet  of  this  gland  (ductus  pancreaticus),  through 
wrliich  the  pancreatic  juice  passes  into  tho  gall-inte.'itiue, 
seems  to  bo  at  first  simple  and  single ;  afterwards  it  is 
aftcn  double. 

The  last  section  of  the  intestinal  tube,  tlic  ieniiinal 
Intestine  or  large  intestine  (epit/aelcr),  in  mammalian 
smbtyos,  is,  at  first,  a  very  eimplo,  short,  and  straight  tube, 
spelling  posteriorly  through  the  anus.  In  the  lower  Ver- 
tebrates it  retains  this  form  throughout  life.  In  Mammals, 
3n  the  other  hand,  it  grows  to  a  considerable  size,  coils,  and 
differentiates  into  ditferent  sections,  of  which  the  foremost 
md  longest  is  called  the  colon,  the  shorter  and  hinder  the 
rectum.  At  the  commencement  of  the  former  a  \-aIve 
'vcUvitta  BauJtini)  {onus,  which  divides  the  large  intestine 
Kom  tho  small  intestine ;  behind  appears  a  pouch-like 
asOCuberouce,  wliich  grows  larger  and  becomes  the  blind- 
inteatino  (ctcctint)  (Fig.  288,  v).    In  plant-eatmg  filammala 
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this  becomes  very  large,  while  in  those  which  eat  iid 
remains  very  small,  or  is  entirely  aborted.     In  Man,  u 
most  Apes,  the  beginning  of  the  blind  intestine  al 
becomes  wide ;  its  blind  end  remains  very  narrov,  i 
afterwards  appears  only  as  a  useless  appendage  of 
former.    This  "  vermal  appendage  "  is  interesting  in  ( 
teleology  as  a  rudimentary  organ.    Its  only  importana 
lian  consists  in  the  fiEict  that  now  and  then  a  raisin-st 
or  some  other  hard,  indigestible  particle  of  food  beoo 
lodged  in  its  narrow  cavity,  causing    inflammation 
suppuration,  and,  consequently,  killing  individuals  oti 
wise  perfectly  healthy.    In  our  plant-eating  ancestors 
rudimentary  organ  was  larger,  and  was  of  physiolog 
value. 

Finally,  we  must  mention  another  important  append 
of  tlic  intestinal  tube ;  this  is  the  urinary  bladder  (t 
cydis)  with  the  urinary  tube  (urethra),  which  in  deve 
inent  and  in  morphological  character  belong  to  the  intest 
system.  These  urinary  organs,  which  act  as  receptacles 
excretory  passages  for  the  urine  secreted  by  the  kidn 
originate  from  the  inner  part  of  the  allantois-stalk.  ' 
allantois  develops,  as  a  sac-like  protuberance,  from 
anterior  wall  of  tlie  last  section  of  the  intestine  (Fig.  286, 
In  the  Dipneusta  and  Amphibia,  in  which  this  blind 
first  appears,  it  remains  within  the  body-cavity  (caloi 
and  acts  entirely  as  a  urinary  bladder.  In  all  Amniota 
the  other  hand,  it  protrudes  considerably  out  of  the  bo 
cavity  of  the  embryo,  and  forms  the  large  embry< 
*'  primitive  uiinary  sac,"  which,  in  higher  Mammals,  fo 
the  placenta.  At  birth  this  is  lost ;  but  the  long  allant 
stalk  (r)  remains,  its  upper  portion  forming  the  central  ni 
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4)and  of  the  urinary  yeside  {ligwnventwm  veaico-^u/nibiUcale 

Imedium),  a  rudimentary  organ  which  extends  as  a  solid 

■eord  from  the  top  of  the  urinary  bladder  to  the  navel    The 

riower  part  of  the  allantois-pedicle  (the  "urachua**)  remains 

^hollow,  and  forms  the  urinary  bladder.    At  first,  in  Man, 

f  as  in  the  lower  Vertebrates,  this  organ  discharges  into  the 

f  last  section  of  the  posterior  intestine,  and  there  is,  there- 

f  lore,  a  true  "  doaca^"  receiving  both  urine  and  excrement ; 

;  bat,  among  the  Mammals,  this  cloaca  is  permanent  only  in 

:  the  Cloacal  Animals,  or  Monotremes,  as  in  Birds,  Reptiles, 

and  Amphibia.    In  all  other  Mammals  {Maraiupidlia  and 

Pla4:entalia)  a  transverse  partition  forms  at  a  later  period, 

and  separates  the  urinary-sexual  aperture  in  front  from  the 

anal  aperture  behind.     (Cf.  Chapter  XXV.) 
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EXPLANATION  OF  PLATE  L— (Fbontispiece.) 

DSVILOPXINT  OF  THE   FaCE. 

The  twelve  figures  in  Plate  I.  represent  the  faces  of  four  dttMl 
Mammals  in  three  distinct  stag^  of  individual  eTdation:  Mi-Miii  theft  cif 
Man,  Bi-Biii  of  the  Bat,  Ci-Giii  of  the  Cat,  Si-^iii  of  the  Sheep.  Tk 
three  different  stages  of  OTolntion  have  been  chosen  to  conespond  as  to  u 
possible ;  thej  hare  been  reduced  to  about  the  same  sise,  and  axe  seen  Inb 
in  front.  In  all  the  figures  the  letters  indicate  the  samo :  a,  eye;  v,im- 
brain ;  m,  mid-brain  ;  5,  frontal  process ;  k,  nose-roof ;  o,  upper  jaw  process 
(of  the  first  gill-arch)  ;  u,  lower  jaw  process  (of  the  first  gill-aidi) ;  A. 
second  gill-arch;  d,  third  gill-arch;  r,  fourth  g^l-arch;  ff,  ear-fisssif 
(remains  of  the  front  gill-opening);  c,  tongue.  (Cf.  Plates  TT.  and  VII. 
Figg.  232-236,  p.  243 ;  also  Figs.  123,  121.  vol.  i.  p.  370.) 


TABLE    XXXVII. 
SrrrEMATic  Sukviy  of  the  most  Important  Periods  in  the 

PHrLOGENT  op  THE   HUMAX  INTESTINAL  STSTBM. 

I.  First  Period :  Intestine  of  Gastrcsa  (Figs.  274-277 ;  Phite  V.  Kgs.  9, 10). 
The  whole  intestinal  system  is  a  simple  pouch  (primitive  intestine),  tbe 
simple  cavitj  of  which  has  one  orifice  (tho  primitive  mouth). 

II.  Second  Period :  Intestine  of  the  ScoJecida  (Plato  V  Fig.  11). 

Tho  simple  intestinal  tube  widens  in  tho  middle  into  the  stomach,  sad 
ac(|uire8,  at  the  end  opposite  to  the  primitive  month,  a  second  openiog 
(primitive  anus) ;  as  in  tho  lower  Worms. 

III.  Third  Period :  Intestine  of  Chorda  AniinaU  (Fig.  281 ;  Phite  V.  Fig.  12). 

The  intestinal  tube  differentiates  into  two  main  sections — the  rospiiatoiT 
intestine  with  gill-openings  (g^ll-intestine)  in  front,  the  digestive  intestine 
with  stomach-cavitj  (stomach-intestine)  behind  ;  as  in  Aacidia. 
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IH  IV.  Fourth  Period  :  Intiritinc  of  SkuU-Uis  An<maU  (Acrania) 
W  (Tig.2BS:  PUtoXLFig.lE). 

The  gill'Streuks  nppear  between  tbe  gill-opoDings  of  the  reEpiratory 
ote^dnu  :  B.  lirer  blinil-soc  ^rtnrs  from  the  etomtLch-pouch  of  the  digestive 
Dlestine  ;  as  in  tlis  Aniphioxns. 

X.  Fifth  Prnod!  ln(«imeo/CycIostoB-o  (Rate  SI.  Fig.  16). 
Tho  thyroid  glnnd  develops  from  iho  ciliatpd  grooTe  on  the  base  of 
Dio  rnlls  (hvpobtancbial  groove).      A  mnipuct   liver-gland  ili^velops  from 


VI.  SMhPeriod!  InMU-ie  of  Fri^niiifc  Fi«hct  ^^,.  UU. 
'  oriilngiuons  gill-nrches  appear  botweeo  tho  pll-openings,     Tho  fon>- 
moBt  of  those  form  the  lip-cnrtila^s  and  tho  jaw-skeleton  (npper  and  b>irFr 
Jftw).    The  BWimminR-bladJer  grown  from  tlic  phnrynx,    Tho  vontral-sftlitarv 
ictntiil  ni>i>i'nrs  near  thu  liver,  as  in  Schicliii. 

VII.  SeveiUh  Tei'ioJ  :  iBtealiae  ofDiimcuKta  {p.  118). 
'['iio   swimming- bladder  modifies   into   the   longs.     The   iiiouth-cs*it]- 
l.ecouica  oonneoted  with  tho  nose-carity.    Tho  nrinorr  bladder  grows  fnini 
tlip  lost  BecUon  of  the  intestino,  ns  in  Lepidosircn. 


VIII.  Eighth  I'ffiod :  WejHnc  o/ Jmji/iit.a  (p.  126). 
The  gill'Openinge  close.     Tho  gills  are  lost,     Tbo  larynx  originates  from 
Li{i|iercnd  of  the  trachea. 

IX.  KinthFtriad:  InUiiSxe  of  3tauotfema  (p.  146). 
I  kc  primitive  month  and  nasal  oavitjr  is  mparstod  bjr  tho  hoiiiontiil 
<'i'-roof  into  the  towor  month-cavity  (food  poBfuge)  and  the  oppcr  uosc- 
.  (air  |inssage)i  as  in  all  -^mniim  AQimnln. 

X-  TealK  Period!  fi.lr.i.'nf  <./jWo.'s"jnn;»  (p.  149). 
'I'iio  existing  cloncft  is  eeparalod  by  n  pnrtilion  wall  into  an  nntor'iur 
uLiiry. sexual  npFTtnre  and  n  poslerior  anal  aperture. 

XI.  Etntnlh  Period  :  Inletlinc  of  Catarhii:e  Apci  (p.  170). 
^  1 1  parts  of  the  inleBtine,  and  eupuclnlly  the  liicth.Bppuniliie,  ncqnin  tlic 
If  devclopmeDt  common  to  Man  and  CaUuhine  Apes. 


I 


CHAPTER  XXIV. 

DEVPn^OPMENT  OP  THE  VASCULAR  SYSTEM. 

Application  of  iho  Fundamental  Law  of  Biogonj. — The  Two  Sides. — Hcrefitr 
of  Conscrvativo  Organs. — Adaptation  of  FrogreuiTO  Orgaiu. — Ontoger 
und  Comparative  Anatomy  complemontary  of  each  other.— Se* 
*' Theories  of  Evolution "  of  His.— The  "Envelope  Theory"  and  tk» 
"  Waste-rag  Theory." — Main  Germ  and  Sapplementary  Geim. — ^Fonw- 
tivo  Yelk  and  Nutritive  Yelk. — Phylogenetio  Origin  of  the  latter  froB 
the  Primitive  Intestine.— Origin  of  the  Yaacular  System  from  the 
Vascular  Layer,  or  Intestinal-fibrous  Layer. — Fhylogenetic  SignifieiBce 
of  the  Ontogenetic  Succession  of  the  Organ-systema  and  Timuo^— 
Deviation  from  the  Original  Sequence ;  Ontogenetic  HeteroohroiiinB.— 
Covering  Tissue. — Connective  Tissue. — ^Nerve-muscle  Tisaiiew^-TasoBlir 
Tissue. — Relative  Age  of  the  Vascular  System. — First  ComTnenoeiMnt 
of  the  Latter ;  Gccloma. — Dorsal  Vessel  and  Ventral  Vesael  of  Wccw^ 
— Simple  Heart  of  Ascidia. — Atrophy  of  the  Heart  in  the  Amphioxw.— 
Two-chambered  Heart  of  the  Cyclostomo. — Arterial  Arches  of  tbe 
Selachii. — Double  Auricle  in  Dipneusta  sad  Amphibiar— Doable  Ven- 
tricle in  Birds  and  Mammals. — ^Arterial  Arches  in  Birds  and  -Mammb- 
Germ-history  (Ontogeny)  of  the  Homan  Heart, — ^Fiiralleliam  of  the 
IVibal-history  (Phylogeny). 

**  Morphological  comparison  uf  the  adult  conditions  should  nafciniUy 
precede  the  study  of  the  earliest  conditions.  Only  in  this  way  can  tk 
investigation  of  the  history  of  development  proceed  in  a  definite  direotias; 
it  is  thus  provided,  as  it  were,  to  see  each  step  in  the  formative  prooassin 
its  true  relation  with  the  condition  which  is  finally  to  be  reached.  Tntir 
ment  of  the  history  of  development  without  pteparatory  stadj  is  only  too 
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llkol J  tp  lead  to  grDpiQK  in  tha  dark :  and  it  not  nnfroqnootlj  lenda  to  Uui 
laoGt  nnturtun&te  reBDlta— fur  mIorioF  to  Ihuao  which  might  Iw  estnbliihod 
IwTPD'l  queation  without  any  study  of  the  Liatorj  of  donclopmpnt,"— 
.Vi.»x.»>-DKB  Bmi.-M  (1872). 


In  applying  to  Organogeny  the  fundiuoeiital  law  of  Bin 
geny,  we  have  already  afforded  aomo   conception  of  the 
degree  in  which  we  may  follow  its  guidanco  in  the  study  of 
tribal  history.     The  degree  differs  greatly  in  the  different 
oi^^n-Bystems ;  this  is  so.  because  the  capacity  for  tmas- 
tiiission  on  one  side,  and  the  capacity  for  modification  on 
the  other,  vary  gi-eatly  in  the  different  organs.     Some  \iiivU 
of  the  body  cling  tenaciously  to  the  inheritetl  perul-histo^^- ; 
:;'id,   owing   to   heredity,   accui-ately   retain   the   mode   of 
■  liition  inherited  from  primieval  animal  ancestors;  other 
Lits  of  the  body,   on   the  contrary,   exhibit   very   small 
■  :L|iacity  for  strict  heredity,  and  have  a  groat  tendency  to 
:L-isumi!  now  kenogenetic  forms  by  adaptation,  and  to  niodi^- 
(lu-  original  Ontogeny,     The  former  organs  i-epresent,  in  the 
inany-celled  community  of  tho  human  organism,  the  con- 
:*tant    or  conaer\'ative ;    the   latter,  on   the   contraiy.   tho 
"liangeable  or  progressive  element  of  evolutinu.   The  mutual 
iti-i-action  of  both  elements  determines  the  course  of  his- 
i  iual  evolution. 
Only  to  the  conservative  organg,  in  which  Heredity  pi-e- 
jiouderates  over  Adaptation,  in  the  course  of  tribal  evolu- 
tion, can  we  directly  apply  the  Ontogeny  to  the  Phylogeny. 
ml  can  infer,  from  the   palingenetic  modification  of  the 
1  lu-forms,  the  primieval  metamorphosis  of  the  tribal  forms, 
'  1 1  tliu  progressive  oi^ans,  on  the  contrary,  in  whieli  Adaj)- 
tatioti   has  awiuired    the  ascendency  over   Heredity,   tlie 
original  ouursc  of  evolution  has,  usually,  beon  so  changed, 
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vitiated,  and  abbreviated,  in  the  course  of  time,  tbit' 
can  gain  but  little  certain  information  as  to  the  tib 
history  from  the  kcnogenetie  phenomena  of  their  get 
lustory.  Here,  therefore,  Comparative  Anatomy  mustco 
to  our  help,  and  it  often  affords  much  more  important  i 
trustworthy  disclosures  as  to  Phylogeny  than  Ontog 
is  able  to  impart.  It  is,  therefore,  most  important,  if 
fundamental  law  of  Biogeny  is  to  be  coiTedily  and  critic 
applied,  to  keep  its  two  sides  continually  in  view.  ' 
first  half  of  this  fundamental  law  of  evolution  enables  u 
use  Phylogeny,  as  it  shows  us  how  to  gain  an  approxin 
knowledge  of  the  history  of  the  tribe  firom  that  of 
germ:  the  germ-form  reproduces,  l>j^  Heredity,  the  co 
sponding  tribal  fonii  (Palingenesis).  The  other  hall 
the  law,  however,  limits  this  guiding  principle,  and  c 
attention  to  the  foresight  with  which  it  must  bo  emploj 
it  shows  us  that  the  original  reproduction  of  the  Phylog 
in  the  Ontogeny  has  been  in  many  ways  altered,  vitia 
and  abbreviated,  in  the  course  of  millions  of  years.  ' 
genn-form  has  deviated,  by  Adaptation,  from  the  co 
sponding  tribal  form  (Kenogcnesis) ;  the  greater  this  de' 
tion,  the  more  are  we  compelled  to  employ  Comparat 
Anatomy  in  the  study  of  Phylogeny. 

Perhaps  in  no  other  system  of  oi-gans  of  the  hiunan  b 
is  this  so  greatly  the  case  as  in  the  vascular  system  (^ 
cular,  or  circulatory  apparatus),  the  development  of  wl 
we  will  now  examine.  If  we  attempted  to  infer 
original  structural  features  of  our  older  animal  ances 
solely  from  the  phenomena  which  the  individual  dove 
ment  of  these  organ-systems,  in  the  embryo  of  Man  an< 
other  high  Vertebrates,  exhibit^  we  should  obtain  wh 
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mcoiis  views.  By  many  influential  embryonic  adaji- 
ions,  aiuong  wliicli  the  development  of  an  extensive 
ritive  yelk  must  be  regaitJed  as  the  most  important,  the 
lal  course  of  development  of  the  vaacular  system  has 
I  so  altered,  vitiated,  and  abbreviated,  in  the  )iigher 
tebratvs,  that  no,  or  very  little,  trace  of  many  of  the 
)Bt  important  phylogenetic  features  are  retained  in  the 
piny.  Such  explanation  as  is  afforded  by  the  latter 
pld  bo  entirely  n.seless  to  us  if  Comparative  Anatomy 
Inot  lend  its  aid,  and  afi'ord  iia  the  clearest  guidance  in 
r  search  for  ti-ibal  history, 

■Comparative  Anatomy  is,  therefore,  eapecially  important 

ihelping  us   to   understand    the  vascular  system,  and, 

lUy,  the  skeleton  system,  so  that,  witliout  its  guidance, 

I  tutaafi!  to   take  0.  single  step   in  this  difHcult  field. 

ktive  proof  of  this  assertion  can  he  gained  by  studying 

f  complex  vascular  system  as  explained  in  the  classical 

of  Johannes    Miillcr,  Hcinrtch  Rathke,  and    Karl 

inbaur.    An  equally  strong  negative  proof  of  the  asser- 

i  aflbrded  by  the  ontogenetic  works  of  Wilholm  His, 

t  embryologist  of  Leipsic,  who  has  no  conception  of  Com- 

rative   Anatomj',   nor  consequently,  of  Phylogeny.     In 

;,  this  industrious  but  uncritical  worker  published  cer- 

a.  comprehensive  "  Studies  of  the  First  Rudiment  of  the 

BBrtcbratc  Body,"  which  are  among  the  most  wonderful 

ductions  in  the  entii-e  littirature  of  Ontogenj-.     As  the 

Jior  hopes  to  attain  a  "  meelianical "  theory  of  devclop- 

mt  by  means  of  a  most  minute  description  of  the  germ- 

r  of  the  Cliick  alone,  without  the  slightest  refei-ence 

ComparativD   Anatomy  and  Phylogeny,   lie  fajls  into 

ton  vhich  ai-e  unparalleled  in   the  whole  literatui-e  of 
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Biology,  rich  as  this  unfortunately  is  in  errors.  Only  is 
iiiagnificent  germ-history  of  the  Bombinator  by  Alexu 
Goette  is  incomprehensible  nonsense  and  derision  of  e 
it^asonable  causal  connection  in  evolution  more  naked^ 
forth.  (Cf.  vol.  i.  pp.  65,  66.)  His  announces,  as  the  ! 
rcsult  of  his  investigations,  *'  that  a  comparatively^  sii 
law  of  growth  is  the  only  essential  in  the  iii*st  proccj 
evolution.  All  formation,  whether  it  consist  in  fissio 
layers,  or  in  the  formation  of  folds,  or  in  complete  arti( 
tion,  results  from  this  fundamental  law."  XJnfortmu 
the  author  does  not  say  in  what  this  all-embracing  **!» 
«^ix)wth "  really  consists ;  just  like  other  opponents  of 
theory  of  descent  who  substitute  a  great  "  law  of  evolati 
without  telling  anything  of  its  nature.  From  the  stud 
the  ontogenetic  works  of  His,  on  the  otl  or  hand,  it  : 
becomes  evident  that  ho  conceives  form-constrac 
"  Mother  Nature  "  merely  as  a  kind  of  clever  dressma 
by  cutting  out  the  germ-layers  in  various  ways,  by  b 
ing,  folding,  pulling,  and  splitting  them,  this  clever  sc 
stress  easily  brings  into  existence  the  various  form; 
animal  species,  by  "  development "  (!).  The  bendings 
foldings  especially  play  the  most  important  part.  Not  • 
the  differentiation  of  head  and  trunk,  of  right  and  lei 
central  stem  and  periphery,  but  also  the  rudiment  of 
limbs,  as  also  the  articulation  of  the  brain,  the  sense-orj 
the  primitive  vertebral  column,  the  heart,  and  the  ear 
intestines,  can  be  shown,  with  convincing  nece.isity  (I)  t 
mechanical  results  of  the  first  development  of  folds»  ] 
grotesque  is  the  mode  in  which  the  dressmaker  proceed 
forming  the  two  pairs  of  limbs.  Then-  first  form  is  dc 
mined  by  the  crossing  of  four  folds  bordering  the  b 


like  the  four  comers  of  a  letter."    Yet  this  wonderful 

envelope  theory  "  of  the  vertebrate  limba  is  surpassed  by 

'    ■'  waste-rag  theory  "  (Hollen-lappen  Theorie)  which  His 

■  i^^   of  the  origin  of  the  rudimentary  organs;   "Organs 

!.!.'  the  hypophysis  and  the  thj-roid  gland)  to  which  no 

■,  -.iologlcal  part  has  yet   been   assigned,  are  embrj'onic 

..iiiants,  comparable  to  the  clippinga,  which  in  the  cutting 

a  dreaa  cannot  be  entirely  avoided,  even  by  the  most 

mimical  nso  of  the  material "  (!).    Nature,  therefore,  in 

uing  out,  throws  the  superfluous  i-ags  of  tissue  into  the 

-te  heap.     Had  our  skull-less  ancestors  of  the  Silurian 

had  any  presentiment  of  such  abeiTatioas  of  intellect 

tlieir  too  speculative  human  descendants,   they  would 

tainly  have   preferred   relinquishing  possession   of  the 

,  ]  iibranchial   groove  on  the  gill-body,  instead  of  trons- 

ijiitting  it  to   the   extant  Amphioxus,   and   of  leaving  a 

(I'mnant  of  it  to  us,  in  tlie  equally  unsightly  as   useless 

thyroid  gland.     (Cf.  p.  330). 

It  will  probably  be  thought  tliat  the  ontogenetic  "  dis- 
coveries "  of  His,  which  appear  in  a  doubly  comical  light  in 
f  (in  sequence  of  the  accompanying  display  of  mathematical 
1  idations,  can  only  have  occa-sioned  momentaiy  amuse- 
>\t  in  critical  scientific  circles,     Far  from  it  I     Immedi- 
!  V"   after  their  appeai'ajice,   they  were  not  only  much 
!i>ed  as  the  beginning   of  a  new  "mechanical"  era  in 
■-  '  >  >geny,  but  they  have  even  yet  numerous  admirers  and 
adherents,  who  seek  to  spread  the  scientific  errors  of  His  as 
Jar  aa  possible.     On  this  account,  I  have  felt  myself  obliged 
tri   point  out  emphatically   the  complete  falsity  of  these 
::'%     The  vascular  system  affords  especial  occasion  for 
:  for  among  the  most  important  advances  whicli  His 
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claims  to  have  caused  by  his  new  conception  of  gi 
history,  is,  according  to  him,  his  discovery  that  ''theU 
and  tissue  of  the  connective  substance  "  (that  is  to  a,j, 
greatest  part  of  the  vascular  system)  ^  do  not  originatef 
the  two  primary  germ-layers,  as  do  all  the  other  oi| 
but  from  the  elements  of  the  white  yelk.**  The  li 
is  designated  as  ''  supplementary  yelk,  or  parabkst/ 
distinguish  it  from  the  '' main-germ,  or  archiblast" 
germ-disc  composed  of  the  two  primary  germ-layeis). 

The  whole  of  this  artificial  development  theory  of 
and  above  all  the  unnatural  distinction  between  the  sa 
mentary  and  the  main  germ,  collapses  like  a  card  1 
when  the  Anatomy  and  Ontogeny  of  the  Amphioxus, 
invaluable  lowest  Vertebrate,  is  contemplated,  which 
can  elucidate  the  most  difficult  and  darkest  features  ij 
development  of  the  liigher  Vertebrates,  and  thus  a] 
Man.  The  gastrula  of  the  Amphioxus  alone  overt] 
the  whole  artificial  theory;  for  this  gastrula  teadi 
that  all  the  various  organs  and  tissues  of  complete  ^ 
brates  originally  developed  entirely  from  the  two  pri 
germ-layers.  The  developed  Amphioxus,  like  all 
Vertebrates,  has  a  differentiated  vascular  system 
a  skeleton  of  "connective  substance  tissues"  exte 
throughout  its  body,  and  yet  there  is  in  this  case  no 
plementary  germ "  from  which  these  tissues  can  orij 
thus,  contrasting  with  the  other  tissues. 

The  larvae  of  the  Amphioxus,  arising  fix)m  the  or 
bell-gastrula  (archigaatruld),  in  its  further  develop 
throws  the  most  important  rays  of  light  also  upon  the 
cult  history  of  development  of  the  vascular  system.  ] 
first  place,  it  answers  the  ver}'^  important  question, ' 


^Sil 


THE   VASCULAB  SYSTEM.  355 

>  have  already  frequently  indicated,  as  to  the  origin  of 
s  four  secondaiy  germ-layers ;  it  clearly  shows  that  the 
in-fibrous  layer  originates  from  the  esodemi,  the  intes- 
^"-*^*al-fibrous  layer,  on  the  contrary,  in  an  analogous  manner, 
^"^^i^m  the  entoderm  of  the  gastiiila ;  the  cavity  thus  caused 
*^^iiween  the  two  fibrous  layers  is  the  first  rudiment  of  the 
*^^^dy-cavity,  or  the  coelom  (Figs.  50, 51,  vol.  i.  p.  236).  As  the 
^^"teiphiosus  larva  thus  shows  that  the  fission  of  the  layers 
"^*  the  same  in  the  lowest  Vertebrates  as  in  the  Worms,  it  at 
^"■Xe  same  time  represents  the  phylogenetio  connection  be- 
^^  Xveen  the  Worms  and  the  higher  Vertebrates.  As,  more- 
ver,  the  primitive  vascular  stems  in  the  Amphioxus 
I  iginate  in  the  intestinal  wall,  and  in  this,  as  in  the  em- 
H^K^j>'os  of  all  other  Vertebrates,  proceed  from  the  intestinal- 
■Knroua  layer,  proof  is  aflbrded  us  that  the  earlier  embryolo- 
^^KatB  were  right  in  calling  the  latter  the  vascular  layer. 
^^Hbally,  the  Comparative  Ontogeny  of  the  different  verte- 
^^^Hte  classes  further  convinces  us  that  the  vascular  layer 
^^Horiginally  everywhere  the  same.  The  vascular  system  in 
^^Hoi,  as  in  all  Skulled  Animals,  forma  a  complex  apparatus 
^^Hcavities,  which  arc  filled  with  juices,  or  fiuids,  containing 
^HBDs.  The  vessels  play  an  important  part  in  the  noiuish- 
^Hoent  of  the  body ;  some  of  them  conduct  the  nutritive 
^^plood  fluid  round  in  the  different  parts  of  the  body  (blood- 
^^kesels);  some  collect  the  wasted  Juices  and  discharge  them 
^^Bom  the  tissues  (lymph-vessels).  With  the  latter,  the 
^^fceat  "serous  cavities"  are  also  connected,  especially  the 
^^Bpdy-cavity,  or  cceloma.  The  heart,  acting  as  a  centre  of 
^^■otion  for  the  regular  circulation  of  the  juices,  is  a  strong 
^Bhucular  pouch,  which  contracts  in  regular  pulsations,  and 
^Hl  provided  with  valves,  like  thoso  of  a  pump  apparatus. 


356  THE  EVOLUTION  OF  MAK. 

This  constant  and  regular  drcolation  of  the  bio 
makes  the  complex  change  of  substance  with  tl 
animals  possible. 

Important  as  is  the  vascular  system  in  the  moi 

developed  and  differentiated  animal  bodj^it  is  not, 

an  apparatus  as  indispensable  to  animal  life  as  is  { 

supposed.    In  the  older  theory  of  medicine  the  b 

regarded  as  the  real  source  of  life,  and  **  humoral  pa 

referred  most  diseases  to  "corrupt  blood-mixtuie.' 

larly,  the  blood  plays  the  most  important  part  in 

vailing,  obscure  conception  of  Heredity.    Just  as  hn 

pure  blood,  etc.,  etc.,  are  yet  common  phrases,  so  it  i 

believed  that  the  transmission,  by  Heredity,  of 

morphological  and  physiological  characters  from  th 

to  the  child  "lies  in  the  blood."     That  this  cu 

notion  is  entirely  false,  is  easily  seen  from  the  fi 

neither  in  the  act  of  procreation  is  the  blood  of  the 

directly  transmitted  to  the  procreated  germ,  nor  < 

embryo  acquire  blood  at  an  early  period.      As  "^ 

already  seen,  not  only  the  separation  of  the  four  » 

germ-layers,  but  also  the  beginning  of  the  mosi 

tant  organs,  takes  place,  in  the  embryos  of  all  Ver 

before  the  rudiment  of  the  vascular  systems,  of  tl 

and  blood,  is  formed.    In  accordance  with  this  oni 

fact,  we  must,  from  a  phylogenetic  point  of  view,  re 

vascular  system  as  the  most  recent,  the  intestinal 

on  the  contrary,  as  the  oldest  formation  of  the  anim 

The  origin  of  the  vascular  system  is,  at  least,  mn 

than  that  of  the  intestinal  system.    If  the  fundame 

of  Biogeny  is  rightly  appreciated,  it  is  possible,  fi 

ontogenetic  sequence,  in  which  the  various  organs 
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KitDol  body  consecutively  originate  in  the  embryo,  approxi- 
■itely  to  infer  the  phylogejietic  eequcnce,  in  whifh  these 
^ans  grmlually  developed,  one  after  the  other,  in  the 
fc^jestra!  line  of  animala.  In  the  "  Gastrsa  theory  "  I  made 
-  ":■  first  attempt  to  establish  the  phylogeaetic  significance 

tho  ontogenetic  sequence  of  the  organ-systems;  but  it 
"^I'^t  Imj  remarked  that  this  sequence  ia  not  always  idon- 
C2al  in  the  higher  animal  ti'ibes.  In  Vertebrates,  and 
terefore  also  in  our  own  ancestral  line,  the  oi'gan-systcras 
-my  bo  ranged  according  to  age.  in  something  like  the 
■Xlowing  order:  L  The  skin-system  (_A)  and  the  intestinal 
»-stem  (B).  II.  The  nerve  (C)  and  muscular  systems  {D). 
Cl.  The  kidney  system  (E).  TV.  The  vasculai-  system  {F). 
\  The  skeleton  system  (G).  VI.  The  sexual  system  {B). 
"^f.  TableXXXIX.,  p.  3G7.) 

Ill  the  first  place,  the  gastrula  proves  that  in  all  animals 
the  exception  of  the  Primitive  Animals  {Protozoa), — 
■ .  I '  fore,  in  all  Intestinal  Animals  (Metazoa), — two  primary 
tfjan-systems  originally  arose  simultaneously  and  first; 
heee  were  the  skin-system  (skin-covering)  and  the  intes- 
linal  system  (stomach -pouch).  The  first  is  I'epresentcd,  iu 
lU  earliest  and  simplest  form,  by  the  skin-layer  or  exodenn, 
the  latter  by  the  intestinal  layer  or  entoderm  of  the  Oastrteo. 
ha  we  can  ascribe  the  some  origin,  and,  therefore,  also  thj 
same  morphological  significance,  to  these  two  primary  germ- 
^yers  in  all  Intestinal  Animals,  from  the  simplest  Sponge 
io  Man,  the  homology  of  these  two  layers  seems  sufficient 
woof  of  the  above  assumption. 

Immediately  after  the  ditferontiation  of  the  two  primary 
jerm-layers,  an  inner  or  outer  skeleton  develops  in  many 
{e.g.,  in   Sponges,  Corals,  and  other  Plant 
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Animals).  In  the  ancestors  of  Vertebrates,  the  deve 
of  the  skeleton  did  not  take  place  till  much  laiei 
Chorda  Animals  (Chordonia).  In  them,  after  tl 
system  and  the  intestinal  system,  two  other  oigan 
simultaneously  arise ;  these  are  the  nervous  and  t 
cular  systems.  The  way  in  which  these  two  organ 
which  mutually  condition  each  other,  developed 
neously  and  independently,  in  reciprocal  action  an 
opposition  to  each  other,  was  first  explained  by  I 
Eleinenberg  in  his  excellent  monograph  on  the  H 
common  fresh- water  Polyp.^^  In  this  interest] 
animal,  single  cells  of  the  skin-layer  send  fibre-sha 
cesses  inward,  which  acquire  the  power  of  contra 
capacity,  characteristic  of  the  muscles,  of  contract 
constant  direction.  The  outer,  roundish  part  of 
derm  cell  remains  sensitive  and  acts  as  the  nervous 
the  inner,  fibre-shaped  part  of  the  same  cell  becc 
tractile,  and,  incited  to  contraction  by  the  former 
as  the  muscular  element  (Fig.  293).  These  re 
neuro-muscular  cells  thus  still  unite  in  a  single  ij 
of  the  first  order  the  fimctions  of  two  organ-systei 
step  further;  the  inner,  muscular  half  of  the  neuro- 
cell  (Fig.  293,  m)  acquires  its  own  nucleus,  and 
from  the  outer,  nervous  half  (n),  and  both  orgai 
have  their  independent  element  of  form.  The  fissi^ 
muscular  skin-fibrous  layer  from  the  nervous  skii 
layer  in  embryonic  Worms  confirms  this  importai 
genetic  process  (Figs.  50,  51,  vol.  i.  p.  236). 

These  four  organ-systems,  which  have  been  m< 
were  already  in  existence,  when  an  apparatus  d< 
tertiarily,  in  the    human    ancestral  line,  which. 


THE  KIDNE\a 


Kb,  seems  of  subordinate  siguificance,  but  which  proves, 
ta  early  appeai-ance  in  the  animal  scries  and  in  the 
t^-o,  that  it  must  be  very  ancient  and,  consequently,  of 
t  physiological  and  morphological  value.     This  is  the 
illary  apparatus,   or     kidney  system,   tho  organ-system 
■*^ic;h  secretes  and  removes  the  useless  fluids  from  the  body 
^^^^   have   already  seen   how  soon  the  primitive   kidneys 
^>t>ear  in  tlie  embryo  of  all  Vertebrates,  long  before  any 
* "  *ice  of  the  heart  is  discoverable.     Correspondingly,  we  also 
« id  a  pair  of  simple  primitive  kidney  ducts  (the  so-called 
feretory  ducts  or  lymphatic  vessels)  almost   universally 
''^Xjffuscd  in  the  Worm  tribe,  which  is  so  rich  in  forms.    Eveu 
'  *lie  lowest  classes  of  Worms,  which  have  as  yet  neiUier 
'"lody-cavity  nor  vascular  system,  are  furnished  with  these 
i  .limitive  kidneys  (Fig.  280,  nc,  p.  327).     It  was  only  in 
]]>-■  fourth  place,  after  the  kidney  system,  that  the  vascular 
'.Mtem  developed   in   oui-   invertebrate  ancestors;    this   is 
iJainly   shown  in   the  Comparative  Anatomy  of  Worms. 
ihe  lower  Worms  (Acahrmi)  possess  no  part  of  the  vas- 
iilar  system,  no   body-cavity,  no  blood,  no  heart,  and  no 
.  1  .'i.sels;  this  is  the  case,  for  example,  in  the  comprehensive 
group  of  the  Fiat  Worms  (Plathdmintkes),  tho  Gliding  Worms 
(^Turheltaria),  the   Sucking  Worms  (Trematoda),  and  the 
Tape  Worms.     In  the  higher  Worms,  which  are  therefore 
called  Cffilomati,  a  body-cavity  (ccelonut),  filled  with  blood, 
first  begins  to   form ,  and,  side  by  side  with   this,  special 
blood-Toesels  then  also  develop.     These  features  have  been 
transmitted  from  the  Ccelomati  to  the  four  higher  animal 
tribes. 

These  organ-systems  are  common  to  Yertebrat^a  and  to 
the  three  hijihor  animal  tribes,  the  Articulated  AnimalB 
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(Arthropoda),  the  Soft-bodied  AniwuLla  (AfoUuaea),  m 
Star  Animals  (Echinoderma),  and  we  may,  therefoR 
that  they  have  all  acquired  these,  as  a  common  inTin; 
from  the  Ccelomati;  but  we  now  meet  with  a  ] 
apparatus  of  movement,  the  skeleton  system,  which, : 
form,  is  exclusively  peculiar  to  Vertebrates.  Only  tli 
first  rudiment  of  this,  the  simple  notochord,  is  fo 
Ascidia,  which  are  the  nearest  invertebrate  blood-re 
of  Vertebrates.  We  infer  from  this,  that  the  o 
ancestors  of  both,  the  Chorda  Animals,  did  not  bnu 
from  the  Worms  till  a  comparatively  late  period 
notochord  is,  it  is  true,  one  of  those  oi^gans  which  ap 
a  very  early  period  in  the  vertebrate  embryo ;  but 
clearly  due  to  an  ontogenetic  heterochronism,  to  d: 
ment  in  time  in  the  germ-history,  that  is,  a  gradi 
arrangement  in  the  original  phylogenetic  sequence, 
by  embryonic  adaptation.  On  Comparative  An<^ 
grounds  it  may  safely  be  assumed,  that  the  first  oi 
the  skeleton  system  did  not  precede,  but  followed 
the  kidney  system  and  of  the  vascular  system,  a 
Ontogeny  appears  to  indicate  the  contrary. 

Last  of  all  the  organ-systems,  the  sexual  system 
developed,  in  the  sixth  place,  in  our  ancestors ;  of  o 
must  be  imderstood  that  this  was  last,  in  the  sense  i 
sexual  apparatus  acquired  the  independent  form  of  a 
organ-system  subsequently  to  all  the  other  organ 
simplest  form,  that  of  reproductive  cells,  is  certain 
ancient  Not  only  the  lowest  Worms  and  Plant  i 
propagate  sexually,  but  this  was  also  probably  the 
the  common  parent-form  of  all  Metazoa,  in  the  (h 
but  in  all  these  low  animals,  the  reproductive  cells 
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^B'3bstitut«  epcciiil  sexual  organs  in  a  morpholo^cal  sense; 
•-  ^y  ai'L>  rather,  as  we  shall  aoun  see,  simple  component  ^&iis 
t  other  organs, 

I  Like  the  organ-systems  of  the  human  body,  the  tissues, 

1  compose  these  systems,  are  of  different  ages  and  of 

morphological   value.     As   we   were  justified  in 

an  inference  as  to  the  phylogenetic  sequence  in 

i  of  the  oi^an-syateras,  trom  the  ontogenetic  sequence 

which  they  successively  appear  in  the  embryo,  so  are 

^*"«  justified  in   infening  the  order  in  which   the   tissues 

-^  "*-iginated  during  the  course  of  tribal   hiatoiy,  from   the 

=ijuence  of  the  stages  in  gemi-histor)'.     The  result  of  thia 

-    a  phylogenetic  classification  (Table  XXXVIII.J  of  the 

(■aes  of  the  human  body,  similar  to  that  of  the  organs 
Lble  XXXIX.,  p.  367). 
[  The  tissues  of  the  human  body,  aiising  by  division  of 
bour,  tte  separation  and  the  connection  of  the  component 
Us,  may  be  distributed,  with  refeitaice  to  their  develop- 
ent,  in  the  four  following  distinct  groups : — 1,  covering- 
tissue  (epiihelium) ;  2,  connective  tissue  (connectivuin);  3, 
nerve  and  muscular  tissue  (■Jicuro-Tmiaculum) ;  and  i,  vas- 
cular tissue  {vaealiuTn).  Of  these,  iu  accordance  with  the 
I  instrica  theory,  we  must  regard  the  covering-tissue  as  the 
iilieat  and  most  original  form,  as  the  actual  primaiy  or 
jwimitive  tissue ;  the  Uiree  otiier  main  forms  must,  on  the 
other  hand,  be  considered  as  secondary  or  derived  forma, 
'which  developed  at  a  later  period  from  the  covering-tissue  ; 
)  connecting-tissue  first,  then  the  neuro-muscular,  and 
itly  the  vascular  tissue. 
The  oldest  and  most  original  form  of  tis-tuo  ig,  un- 
tabtedly,  the  covering-tissuu   (';pWielium),    the  cells   of 
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which  are  arranged  in  a  simple  strata-like  way;  and  e 
over  the  outer  and  inner  surface  of  the  body  as  a  proti 
and  secreting  cover.  This  is  proved  by  the  simple  £ul 
the  formation  of  the  tissues  of  the  animal  body  1 
with  the  formation  of  the  gastrula^  and  that  the 
itself  consists  solely  of  two  simple  epithelial  strata^  i 
skin-layer  (Fig.  274,  e),  and  of  the  intestinal-laye 
Histologically,  the  two  primary  germ-layers  are  s 
epithclia.  When  these,  afterwards,  separate  into  tlu 
secondary  germ-layers,  the  skin-sensory  layer  beoQm< 
outermost  of  the  external  coverings  (dermal-epithel 
the  intestinal-glandular  layer  becomes  the  innermost  ( 
internal  coverings  (gastral-epithelium).  The  tissue  c 
outer  skin  and  of  all  its  appendages,  such  as  nails  (Fig 


www 


Fig.  289. — Tisane  of  the  nails  (flattened  epithelinm) :  a-e,  oeUs 
upper  strata ;  /,  .a,  cells  of  the  lower  strata. 

Fig.  290. — ^Tissne  of  the  covering  of  the  small  intestine  (co 
epithelium)  :  a,  side  view  of  throe  cells  (with  thicker,  porous  bordi 
Burfiice  view  of  four  colls.    (After  Frey.) 


hairs,  skin-glands,  etc.,  arise  from  the  skin-sensoiy 
(Cf.  Table  XXIX.,  p.  232.)    The  inner  covering  of  the 
tinal  tube  and  of  its  intestinal  glands  originates^  c 
other  hand,  from  the  intestinal-glandular  layer  (Fig.  S 


^^  TISSUES,  363 

Connective  tissue  (cownectimLm)  must  be  regarded  as 
■wming,  in  order  of  phylogenetic  age,  the  second  main 
■~oup  of  tissues.  TTiia  ia  morpliologically  characterized  by 
»e   iDtereeUular   substance,  which   develops   between  the 


Vio.  291. — Jelly-lihD  tissne  from  ihe  Titreons  body  ot  an  emiirjo  of  fonr 
KmtbB  (ronnd  oeils  ns  jelly-like  intfn-coUalar  snbiLnnao). 

Fio.  292. — Cartilagie-tiBflno  of  the  fibrona  or  netted  cftrtilage  of  tho  car. 
loll :  a,  cells ;  b,  inlcpoellalar  mass  j  e,  Sbres  in  the  latter.     (After  Frey. ) 


ells,  physiolc^cally,  by  the  double  part  which  it  play?, 
a  connecting  substance  and  as  complementary  substance 
etween  the  other  tissues,  as  an  inner  supporting  subatanco 
nd  as  a  protective  covering  for  the  inner  oi^ans.  Of  the 
■nmeroua  forms  and  varieties  of  connective  tissue,  we  regard 
lio  jelly-like  tissue  (Fig.  291 ;  Fig.  6,  vol  i.  p.  126),  the  fatty 
iBSue,  and  the  chorda  tissue  as  the  earlier;  the  fibroun. 
artilaginouB  (Fig.  292),  and  Iwne-tissue  (Fig.  5,  voL  i.  p.  126) 
B  the  more  recent  formations.  All  these  various  forms  of 
onnective  tissue  are  products  of  the  middle  germ-layer, 
r  mesoderm ;  or,  more  accurately,  of  the  two  fibrous  layers, 
f  which  the  skin-fibrous  layer  is  originally  derived  from 
he  exodenn,  the  intestinal-fibrouit  layer  firom  the  entoderm. 
The  nerve-muscular  tissue  {neuro-niueailmn.)  is  of  much 
turn  recent  origin  than  the  connective  tissue.  If  epithelial 
ioane  represeuta  a  primary  period  in  tribal  histoiy,  and 
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connective  tissue  a  Beeondary  period,  then  we  in? 
racterure  a  third,  much  laAer  period,  by  nerve-mmde  i 


Fin,  29i 


FiQ.  294^ 


FlQ.  293.— Nerre-miuclB  tUnM.  Three  colU  from  Hydm  11 
uerroOB ;  m,  iaucr,  muacDlor  part  of  the  cells.     (After  Kleinenberg. 

Fio.  Wi. — Nerve-tiasne  (from  a  spinal  nerra  knot) :  a,  ant 
poateriortoot  of  the  ipinal  nerrei  d,  p,  flbnras  nerro-stem ;  f,3,h, 
cells  in  ganglion  if,  luiipoliir,  g,  )i,  bipolar  oella)  1  k,  I,  nerre  fibre*. 
Froy.) 

Fig.  29s. — MuBole-tisBue.  Three  piece*  of  Btriped  mnsole  fibre  I 
terfibroDS  fat-cells  (b).    (After  Fi-ey.) 

For  while  in  the  lowest  Plant  Animaln  the  body  c 
merely   of  covering   tissue,  and    while    in    many 
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►hytea  a  middle  layer  of  connective  tissue  develops 
■"een  the  two  primary  germ-layers,  it  is  only  in  the 
k  highly  developed  Plant  Animals  that  muscle  and  ner\e 
«  is  formed.  As  lias  already  been  said,  the  latter  first 
■ared  as  a  common  nerve  and  mu.^e  tissue  {neuro- 
culum.  Fig.  293 ;  cf!  p.  3.'>8).  It  was  only  afterwards 
the  muscle-tissuo  (Fig.  295)  separated  from  the  nerve- 
.e  (Fig.  204).  The  greater  part  of  the  nei-ve-tJssue  is 
ired  fromthe  skin-sensory  layer,  the  greater  paxt  of  the 
[jle-tiasue  from  the  skin-fibrous  layer, 
^asciilar  tissue  (vaealiiim)  must  be  regarded  as  formino; 


I'lo.  296.  —  VviCDinr  tiseno  (luMliun).  A  iiair.TCBsel  trom  the 
Buterr .'  a,  vascnlnr  cells ;  b,  the  kemcli  of  tllMe  ("  BiidotheUiim  "). 
rio.  297-— Red  blood  cpIIb  (corpHscloa)  of  Tariooa  Vertobrntee  (oqually 
■oifled):  1,  Human;  S,  Canmli  S.Pifreon;  4,  Proton*  (p.  129);  G,  WaUr^ 
lawulBr^rn'on):  6,  Frog;  T,  Fish  (Coin tu);  8,  Lamprey  {Pttnmytoo'i, 
irboe  Tie*  i  b,  edge  riow.     (After  Wagner. ) 
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TABLE    XXXVIII. 

8  jBtemfttio  Surrey  of  the  Seqaenoe,  aooardia^  to  Age,  of  the  Hm 

Tifirae-gronps. 

(Phylogenetio  Clnanifloatioa  of  Vertelicmte  Tumea.) 


FIRST  GROUP:  PRIMARY  TISSUES  (JBpithMm), 


1.  Fntsr  HisTOLooiCAL  Staob  of  Etolutiov. 
L  Ck»Teriiig.ti«ae  iEpUheUumy. 

I.  if.  SkIn<overiDg  ttani>  CSpUkOiMm  *rm<ile).  f  i*  9S2  ^J*  ^!!?^2?*^ 

Skin-layer.  Sr  ExoderinTofOMtniU  (afteiCJ  J  ^SLJ'-S?'^'^--  ^^  J 
wanb  Bkln-sensory  Ujt}  |»-  ^JJ^  •**•  '^^ ^^J*"  ''*«^ 

J.  27.  Intestinal  covering  timie  (BpUkd.  ffaitraU).  f  1.  Real  intesUnil  eptthdiiB 

IntcKtinal   layer,  or   Entoderm,  of  Oastniia<{  2.  E^UidiQinof  thtfintailhal^ 
(aOerwanU  the  intestinal-gUuidalar  Ujor)      (  8.  (fiarUeM  ilto  of  crfgin  of  ^H*^ 

SECOND  GROUP:  SECONDARY  TISSUS& 
(All  derived  from  the  Coyering-tissne,  or  EpitheUom.) 


2.  Secx)nd  Histolooical  Stage  of  Eyolutiov. 
IL  Coxmeetive-tiMiie  {Conneetivum). 

«I.  C.  FilHntt-up  tiaano  (TWa  conjunctiva)  (softer  f  J*  Kfc'lS!-*'' 
L«urrounilng]  connective  tissue)  \  J  J^'^^^nSSSw 

n.D.  SupportlnR  tissue  (TWa  ilctUtari*)  (firmer  j *r  9^^ J^^ 
[^upporUng]  connective  tissue)  j  J;  gj^^Jg^" 


8.  Third  Histolooical  Stage  of  EvoLunoir. 
III.  Nerve-mnMle  Tinae  (^euro-mtMeuZtcm). 

•"•^•n?^^;j;?,Sl^al^J??^^        CGangUon<elIs){,.^e£--2;n2^^ 

purtiun  of  the  ncr\'e--(  (Xa.  Sheath-lew    nerve-fibra  M  ' 

muscle   cells  of  the  I  2.  Nerve-fibres  1  mednU»>lcs8  flbiv) 

Exodcrm  I        (Nerve-tubes)      1 2.  &.  Sheathed  nerre-flbni  (diik  ii* 

V  V.  with  medulla) 

m./l  Musclc-tlftsue    (TfcZaf,   n«y»_««ii«j  «»«— i*  f  ^   o     ^^ 

mtucularii).  OrlRinal    ^'  ^t^^  ^^^^'  i  ]•  ?•  ?«»^  contrtctfte  flbrMdb 

inner  portiin  of  the-  „  M?n^n«^««-.i^}i- *'  i"<Kl ~"^"«^^ «»«■«* 
mrve-muscle  cclU  of   ^'  Mjny^cUcdmuscle.  J  2.  a.  Smooth  mnsde-maaes 

theExoderm  ^*"^«»  12.6.  Striped 


i.  Fourth  Histological  Stage  of  EvoLunov. 
lY.  Vasonlar  TiBiue  CVeuaiium), 

(/ 1.  a.  Exocoelariom  (I^uietal  OodflHf 
I.  Coelarlum  I  *^iS™i  X^*^  secondiiy  *»' 

(Cuclom  -  epithc- <  ,  .      origmof  the  sperm-oeUs;) 
Uum)  Jl  &•  ™«»Urium(Vlsoerilc«l«»« 

r  tbtitnm)  (and  Heaodaiy  *•  ■ 

1Y,E.  Lymph-tissne    (nta  ( 

lymphatiea).    liauid  J 1.  Lymph  (Oolonrletiblood-oelli and flnid  lnliiniTlnlaiiiW'l 
<»nt^ts  of  the  Coelom  ]  2.  Blood  (Bed  blood<«elIa  and  fluid  IntoiceUiUtfinMaBa) 
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jfltematio  Snrrey  of  tho  Seciaence,  acoording  to  Ago,  of  tho  Hun 

OrgoB-ayat^mB. 

(Phjlogcnetic  ClosBification  of  Tortebralo  Orgona.) 

n  the  right  are  given  the  Anceetml  Stages,  in  which  Llio  rea] 

m  probably  first  appeared.) 

1.  FiBsr  Stage  is  the  Evolctios  or  Oitokse. 
I.  Skin  a&d  IntMtliial  Sfttemt. 


™iy,  Id 


1.  Sim  pic  eioden 

i..  1.  Ihilei  >kln  (Sldn-«n«iy  Inycr)  wai  ,,- 
iBiUnrikln  (Skln-Bbroot  1^0        )" 
J  3.  Ouwr  ikin.  nllh  biln,  gUiidi,  elc.  Main 

'  ""   ' '- lepllheUnia  (Inlmlnnl-Ktan-l 

miojtrall)         '  ■""■■■••"    ■        n  nil  nil  mnicii  nr 


dii[ar  Uycr)  utd  In 


3.  GUl-lDMtlina 


2.  &ecoKii  Stasb  in  the  Etolction  gp  UuoaJts. 
IL  Sant  and  KoboIs  Sjituu, 

md  idiiialtuiHniidy.  [a  Ihc  PrilolUle  Wonn  m 


3.  Tuinu  Staob  in  Tne  EvoLimoN  or  Oboahs. 
III.  Kidiur  and  VucoUr  Sjttemt. 

Mmu  On'  iifpcit,  um  $fui  (lie  oUwt.  In  ihs  So(l.wana  uceslon 

iEl.  PrlmlHvr! kHn«r ai-!«  fin 

XI.  Sr^vnuJ  caimlg 


iJTl.  SwngniaJ  caiiiiig 
£3.  PrfioHi«  kidncji 
JH.  l>snuiuinil  UdDcji 
f^l.  Simple  obIdid 
I  ^1.  D<hh1  luul  Tcntnl  nneta 
■j  ^3.  Hcan  Cpsrt  uf  Iho  wnlml  vMarl) 
tf  1.  Bwt.«ltli auricle uidTuitricte 


I'm 


.'  tf,  tbiul  IT<l»Il 


I,  FoEiiTH  Stage  is  the  Evolctiom  o 
rv.  SkaUton  and  Sexual  STttenu 


(01.  9UnpU  DolocbDM 
J  01.  lkraiiKinu<wi>riiolUnskiUl 
t)      1C3.  aiU-«nlie^ rltw, llmbii 
(.  U  4.  Umbi,  wUb  are  dlglli 

(HI-  Bhnphr  hermApbndlta  tfliodi 
//I.  UiilnrtUMfondDrMln 
0       "Iffa,  Seed..liul«HluvUBet 
ViI4.  Flulliu  (inili,  dnorta) 
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the  most  recent  gi'oup  of  tissues,  that  irhich  originated  i 
Under  this  name  are  included  those  epithelial-Iike 
which  line  the  closed  inner  cavities  of  the  body  (the 
chest-cavity,  ventral  cavity,  heart-cavity,  blood-vess4< 
(Fig.  29G).  In  addition  to  this  vascular  carpet  | 
thclium),  the  liquids  containing  cells,  which  fill 
cavities  (lymph,  blood,  serum,  etc.),  must  be  dassed 
this  tissue  (Fig.  297).  All  these  tissues  may  be  grouped! 
vasalia.  His  wrongly  ascribed  to  them  a  quite 
" parablastic "  origin  (from  the  nutritive  yelk);  thfiy*^ 
however,  products  of  the  intestinal-fibrous  layer  (and  pix^ 
perhaps,  of  the  skin-fibrous  layer).  As  the  coeloma  andti 
whole  vascular  system  is  of  more  recent  phylogenetie  orip 
its  peculiar  tissues  must  also  be  more  recent. 

This  phylogenetie  explanation  of  the  ontogenetic  wi 
cession  of  the  tissues  and  of  the  organ  systems  arising  fa 
them,  appears  to  me  to  be  satisfactorily  proved  by  Coi 
parativc  Anatomy,  and  by  the  Qastnea  theory,  ff  it 
correct,  it  discloses  an  interesting  glimpse  into  tlie  entm 
varioiLs  age  of  the  most  important  constituent  parts  of  ( 
body.  The  human  skin  and  intestine  are,  according  to  tl 
many  thousands  of  years  older  than  the  muscles  and  nen 
these  again  are  much  more  ancient  than  kidneys  and  hlo 
vessels,  and  the  latter,  finally,  are  many  thousands  of  y< 
older  than  the  skeleton  and  the  sexual  oi^ans.  The  o 
mon  view,  that  the  vascular  system  is  one  of  the  n 
impoi*tant  and  original  organ-systems,  is,  therefore,  e 
neous;  it  is  as  false  as  the  assumption  of  Aristotle  1 
the  heart  is  the  fii-st  part  to  form  in  the  incubated  ch 
On  the  contrary,  all  lower  Intestinal  Animals  show  pki 
that  the  historic  evolution  of  the  vascular  system  did 
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till  a  comparatively  lato  period.     Not  ouly  all  PlonlH 
al9  (Sponges,  Corals,  Hydropolyiw,  Medusa?),  but  also'l 
>wer  Worms   (Acielomi),  are    entirely    destitute    of  l 
lar  ayatem.     In  both  groups,  the  fluid   acquired   by  I 
;ion   is   conveyed   directly  from    the   intestinal  tube, 
gh  processes  of  tliis  latter  (the  gastro-canals),  into  the  I 
ent  parts  of  the  body.     It  ia  only  in  the  intermediate  ] 
agber  Wonns  that  the  vascular  system  first  begi 
op,  in  conseiiuence  of  the  formation  of  a  simple  cavity  I 
ma),  or  of  a  system  of  connected  spaces,  round  the  I 
iinal  tube,  in  which  cavities  the  nutritive  fluid  (blood)  J 
ad  through  the  intestinal  wall,  collects. 
It  the  human  ancestral  line  we  meet  with   this  i 
nent  of  the  vascular  system  in  that  group  of  WonnS^ 
h  we   spoke   of  as    Soft  Worms   (Scoleclda ;    p.   85).  I 
Soft  Worms,  as  we  said,  formed  a  series  of  intermediate  I 
9  between    the    lowest    bloodless    Primitive    Worms  I 
hdmintkea)  and  the  Chorda-worms  (Cfiordonia),  whichf 
llready  provided  with  a  vascular  system  and  a  nota 
1.    The  vascular  ^stem  must  have  begun,  in  the  oIde( 
wida,  with  a   very   simple   ccelom,   a   "  body-cavity,"" 
I  with  blood,  and  which  surrounded  the  intestinal  tube,  f 
wigin    waa    probably  due    to    the    accumulation 
itive   fluid   in   a  cluft  l»tween    tlie   intestinal-flbrouaj 
:  and  the   skin-fibrous  layer,     A   vascular  system 
simplest  form  is  yet  found  in  the  Moss-polyps  (Btyozoan 
de  VVbeeL-animalcule  {Rotatoria),  and  in  other  low 
tns.     The  inner,  visceral,  part  of  the  wall  of  the  cceloi^ 
aturally,  formed  by  the  iiittstiual-tibrous  layer  (eTu{<va 
the  outer,  parietal,  part  by  the  skin-fibrous  layer 
'.).     The  coelom  fluid,  collected  beti^'een  the  two. 
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luay  contain  detached  cells  (lymph-cells)  from  either  { 
layer. 

A  first  advance  in  the  development  of  this  most] 

tive  vascular  system  was  accomplished  by  the  format 

canals  or  blood-conducting  tubes^  which  developed, 

pendently  of  the  coeloma,  in  the  intestinal  wall,  tiiat 

the  intestinal-fibrous  layer  of  the  wall.     These  real  * 

vessels,  in   the  stricter   sense,   appear   in   veiy  dil 

form  in  Worms  of  the  intermediate  and  higher  gi 

sometimes  they  are  very  simple,  sometimes  veiy  coi 

Two  primordial  ''primitive  vessels"  must  be  r^an 

representing  that  form,  which  probably  formed  the  f 

the  more  complex  vascular  system  of  Vertebrates;  tin 

a  dorsal  vessel,  which  passes  from  front  to  back  aloi 

middle  line  oi  the  dorsal  wall  of  the  intestine,  and  a  t 

vessel  which  passes,  in  the  same  direction,  along  the  i 

line  of  the  ventral  wall    Both  at  the  fix>nt  and  i 

back  these  two  vessels  are  linked  together  by  a  loo 

rounding  the  intestines.     The  blood  enclosed  in  th 

tubes  is  driven  forward  by  the  peristaltic  contract 

this. 

The  further  development  of  this  simplest  inidim^ 
blood-vessel  system  is  evident  in  the  class  of  the  1 
Worms  (Annelida),  in  which  we  find  it  in  very  \ 
stages  of  development.  In  the  first  place,  many 
verse  connections  probably  arose  between  the  dorsi 
ventral  vessels,  so  as  to  encircle  the  intestine  (Fig 
Other  vessels  then  penetrated  into  the  body-wa 
branched,  so  as  to  conduct  blood  to  this  part  As  in 
ancestral  Worms,  which  we  have  called  CShordoni 
front  section  of  the  intestine  changed  into  a  gill-bodj 
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ilaj'  loops,  within  tlic  wall  of  tliie  gill-body,  whid 
'A  from  the  veiitral  vessel  to  the  dorsal  vessel,  became 
fied  into  respimtory  gill-vessela.    Even  at  the  present 

the    organization    of   the    rernai'kable    A  com- worm 
jnogloB8im)  exhibits  a  similar  condition  of  gill-circulnrj 
(Fig.  1B6,  p.  86). 

L  ftirthei'  important  advance  is  exUihitcd, 
ig  extant  Worms,  in  the  Ascidia,  -whit-h 

be  i-egai-deil  as   the  nearest  blood-rela- 

to  our  primitive  (.'hoi-donia  ancestors, 
hese  we  find,  for  the  first  time,  a  real 
^  that  is,  a  centnd  organ  of  tiee  circulu- 
oftlie  hloo(.l,  by  the  pulsating  contractions 
iC  muscular  wall  of  which  the  Wood  is 
m  forward  in  the  vascular  tubes.  The 
,  appears  here  in  the  simplest  form,  as 
ndle-shaped  pouch  which  passes  at  both 

»a  main  vessel  (Fig.  188,  c.  p.   ilO; 
Fig,  14,  kg).    The  original  position 


■Teasel   ■jstcm   of   a   Ringed   Wtmn 
froul    BOctian :    d,    i]nrsii]    Tewel ;    v,    veDtral 
connBction   between  the  two  (en. 
like  a  heart}.    The  nrrowa  iodicate  the  direction  it 
(After  Gegecbaur.) 


1 


wd 

e  heart  on  the  ventral  Hide,  behind  the  gill-bmly  of  th^ 
lian,  plainly  shows  that  it  originated  in  a  local  dilation" 
section  of  the  ventral  veaaeL  The  alternating  direc- 
rf  the  movements  of  the  blood,  which  has  already  been 
I,  is  remarkable ;  the  heart  expels  the  blood  alter- 
>Ugh  the  anterior  and  tlutiugh  the  posteiior  end. 
f  suggestive,  because  in  most  Worms  the  blood 
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in  the  dorsal  vessel  moves  from  back  to  front,  i 
Vertebrates,  on  the  contrary,  it  flows  in  the  opposii 
tion,  from  front  to  back.  As  the  heart  of  the  1 
constantly  alternates  between  these  two  opposite  du 
it  exhibits  permanently,  to  a  certain  extent,  the  phyl( 
transition  between  the  older  direction  of  the  dorsa 
current  toward  the  front  in  Worms,  and  the  newei 
tion  of  the  same  toward  the  rear  in  Vertebrates. 

As  in  the  more  recent  Chorda  Animals,  whie 
rise  to  the  Vertebrate  tribe,  the  newer   direction 
permanent,   the   two  vessels   which   proceeded    fix 
two  ends  of  the  heart-pouch,  acquired  a  constant 
cancc.    The  front  section  of  the  ventral  vessel,  sine 
has  steadily  conducted  the  blood  from  the   heart, 
consequently,  as  an    artery;    the   hinder   section 
ventral  vessel,  on  the  contrary,  leads  the  blood,  circ: 
in  the  body,  back  into  the  heart,  and  must,  therej 
called  a  vein.    In  reference  to  their  relation  to  tl 
sections  of  the  intestine,  we  may  speak  of  the  lattei 
accurately,  as  the  intestinal  vein,  and  of  the  former 
gill-artery.     The  blood  contained  in  both  vessels, 
alone  fills  the  heart  also,  is  venous  blood ;  that  is,  coni 
much  carbonic  acid.    On  the  other  hand,  the  blood 
flows  from  the  gills  into  the  dorsal  vessel   is  th( 
furnished  with  oxygen ;  is  arterial  blood.    The  most  d 
branches  of  the  aiiieries  and  veins  pass  into  each 
within  the  tissue,  through   a  network  of  extremel 
neutral  hair-vessels  or  capillaries  (Fig.  296). 

If  we  now  turn  from  the  Ascidia  to  the  nearest 
form,  the  Amphioxus,  we  are  immediately  surprised 
apparent  retrogression  in  the  development  of  the  va 
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,-stom.  The  Amphioxus,  as  has  been  stated,  has  no  loal 
eait ;  but  the  blood  is  circulated  in  its  vascular  Kysteni  liy 
!<■  main  vascular  stems  themselves,  which  contract  and 
iil-^ate  along  their  vrljole  length.  (Cf.  Fig.  151,  vol.  i.  p.  420.} 
.  <li>nsal  vessel  (aorta),  situated  over  the  inte&tine,  absorbs 
W  arterial  blood  from  the  gills  and  prapols  it  through  the 
ody.  The  venous  blood,  in  its  return,  collects  in  a  ventral 
easel  (intestinal  vein),  situated  under  the  intestine,  and 
ins  returns  to  the  gills.  Numerous  viucular  gill-arches, 
■hich  accomplish  respiration,  and  absorb  oxygen  from  the 
taier  and  emit  carbonic  acid,  unite  the  ventral  vesi^el 
nUi  the  dorsal  vessel  before.  As,  in  Ascidia,  that  section 
t  the  ventral  vessel  which  also  forms  the  heaii  in  Skulled 
jli^ol"  (Craniota),  is  already  fully  developed  into  a  simple 
cart-pouch,  we  must  regard  the  absence  of  the  latter  in  the 
iiuphioxus  as  the  result  of  retrogiassion,  as  a  reversion,  in 
liese  Acrania,  to  the  older  form  of  vascular  system,  as  it 
xists  in  Scolecida  and  many  other  Worms,  We  may 
Bsnme  that  those  Aci'ania  which  actually  formed  part  of 
ur  ancestral  line  did  not  share  this  relapse,  but  rather 
uherited  the  tme-chambered  heart  from  the  C'hordonia  and 
rftnamitted  it  directly  to  the  older  SkuUed  Animals 
Craniota). 

The  Comparative  Anatomy  of  Skulled  Animals  clearly 
xbibits  the  furthtr  phylogenetic  development  of  the  blood- 
'csael  By»tem.  In  the  lowest  stage  of  this  group,  in  the 
^■clostoma  (p.  102),  we  first  meet  with  a  real  lymph-vessel 
.yaiem,  side  by  side  with  the  blood-vessel  system,  a  system 
if  canals  which  collect  the  colourless  fluid  flowing  from  the 
us,  and  conduct  it  to  the  blood-cuiTent.  Those  lymph- 
Is  which  absorb  tlie  milky,  nutritive  fluid,  obtained 
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directly  by  digestion,  from  the  intestiiial  wall,  and 
it  to  the  blood-current,  are  distinguishable  as  chyle-' 
or  "  milky  juice  vessels."    While  the  chyle,  or  milky] 
in  consequence  of  the  great  amount  of  fat  globules 
it  contains,  appears  milk  white,  the  real  lymph  is 
less.    Tlie  chyle,  as  well  as  the  lymph,  contain  the 
colourless  anueboid  cells  (Fig.  9,  vol.  L  p.  132),  which  are 
distributed  in  the  blood  as  colourless  blood-cells  (coipnsel^; 
the  latter  contains,  in  addition,  the  much  greater  qnvlilv 
of  red  blood-ceUs   (corpuscles),  which    gives   tiie  Uood 
Skulled  Animals  its  red  colour.   The  distinction,  common^ 
all  Craniota,    between  lymph-vessels,     chyle-vesseLs,  oi 
blood-vessels,  is  to  be  regarded  as  the  result  of  a  division -i 
labour  which  took  place  between  different  portions  of » 
original  unitarj*^,  primitive  blood-vessel  system  (or  hanw- 
lymph  system). 

The  heart,  the  central  organ  of  the  circulation  of  the 
blood,  which  exists  in  all  Craniota,  also  exhibits  an  advance 
in  structure,  even  in  the  Cyclostoma.  Tlie  simple  spindle  | 
sliaped  heart-pouch  is  separated  into  two  divisions,  w 
chambers,  which  are  divided  by  two  valves  (Plate  XI 
Fig.  IG,  A  I',  hk).  The  posterior  division,  the  fore  chamber 
(atrium,  hv),  absorbs  the  venous  blood  from  the  veins  of 
the  body,  and  discharges  it  into  the  anterior  division,  the 
chamber,  or  main  chamber  (ventriculus,  hJc).  From  here  it 
is  propelled  by  the  gill-artery  stem  (the  foremost  section  of 
the  ventral  vessel)  into  the  gills. 

In  Primitive  Fishes  (Seluctdi),  an  arterial  stalk  (bulbu^ 
aHerioaus),  separated  by  valves,  originates,  as  a  distinct 
section,  from  the  foremost  end  of  the  ventricle.  It  fornu! 
the  enlarged,  hindmost  end  of  the  gill-artery  stem  (Fig. 
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<(hr).  From  each  aide  of  this,  fitim  five  to  ae\ 
rii's  pi-oceed;  these  me  between  the  gill-openings  ( 
:he  gill-arches,  encircle  the  throat,  and  combine  ( 
<  a  common  aorta-stem,  the  continuation  of  whicl 
ling  backward  above  the  intestine,  corresponds  to  t 
lal  veaael  of  Worms.  As  the  arched  arteries  distribute 
nselves  in  a  respii-atory  capillary  net  over  the  gill- 
tes,  they  thus  contain  venous  blond  in  their  lower  part 
Kterial  gill-arches),  and  arterial  blood  in  their  upper 
^  (as  aorta-arches).  The  points  at  which  sepai-ate  aorta- 
ii-i  unite,  which  occnr  on  the  right  and  left  sides,  are 
I'l   aorta-roots.      Of   an   originally  greater  number  of 

^i-iirchea,  only  five  pairs  are  retained,  and  from  thesa  . 

I'i^'.   300),  in  all   higher  Vertebrates,   the   most  i 
^iit  pai+a  of  tlie  arterial  system  develop, 


llh  the  radiment  bed  Uiv  ■ 
il  ijitcm;  seen  from  tbe  left  eide  :  dc,  CoTorian  duct  (point  of 
[1  of  the  (rout  and  hiod  main  veins)  ;  n-,  vonoiu  ■inOB  (enlarged 
in&l  portion  of  the  CaTorinn  duct);  a,  auricle  ;  i',  mniD  cluunber ; 
pll-arter;  stem;  t,  gill -openings  (between  tho  artpriftl  nrchiiB);  ad, 
tt  e',  hend-artery  (carotia) ;  ii,  noBe.grooTp.     (After  Gcgcnbaar.) 

^3»e  appearance  of  the  lungs,  connected  with  the  re.ipi- 
^B^  air,  which  fii'st  occurs  in  the  Dipncusta,  ia  moot 
^Bkt  in    the   further    developement  of  the   artGri«l 
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system.  In  Dipneusta,  the  auricle  of  the  heart  sei 
into  two  halves  by  the  formation  of  an  incomplete  p« 
Only  the  right  auricle  now  absorbs  the  venous  blood 
body-veins.  The  left  auricle,  on  the  other  hand,  a 
the  arterial  blood  of  the  lung-veins;  both  auricl( 
charge  in  common  into  the  simple  ventricle,  in  whi 
two  kinds  of  blood  mingle,  and  are  then  propelled  tl 
the  arterial  stalk  into  the  arterial  arches.  From  the 
these  latter  spring  the  lung-arteries  (Fig.  801,  p); 
convey  a  part  of  the  mixed  blood  into  the  lungs,  whi 
remainder  is  driven  through  the  aorta  into  the  body. 
From  the  Dipneusta  upward,  we  trace  a  prog 
development  of  the  vascular  system,  which  finally 
with  the  loss  of  gill  respiration,  to  a  complete  separa 
the  two  parts  of  the  double  circulatory  system.  I 
phibia,  the  partition  between  the  two  auricles  b 
complete.  In  their  young  form,  these  yet  retau 
respiration  and  the  circulatory  system  as  in  Fishes,  a 
heart  contains  only  venous  blood;  at  a  later  peric 
lungs,  with  theii*  vessels,  are  developed  also,  and  the 
chamber  of  the  heart  then  contains  mixed  blood.  I; 
tamnia  and  Reptiles,  the  main  chamber  and  the  s 
stalk  belonging  to  it  begin  to  separate,  by  the  forma 
a  longitudinal  partition,  into  two  halves,  and  this  pa 
becomes  complete  in  the  higher  reptiles  on  the  one  s 
the  parent-form  of  Mammals  on  the  other.  The  rig] 
of  the  heart  alone  now  contains  venous  blood,  the  le 
only  arterial,  as  in  all  Birds  and  Mammals.  The 
auricle  receives  venous  blood  from  the  body-veins,  a] 
right  ventricle  propels  this  through  the  lung-arteri< 
the  lungs ;  from  there  it  returns  as  arterial  blood  tl 
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^^  Inng-veins  to  the  left  auricle,  and  is  driven  through  the 
ftft  ventricle  into  the  body-arteriee.  Between  the  lung- 
.  <  ries  and  lung-voina  is  situated  the  capillaty  system  of 
ieiiser,  or  lung-circulation ;  between  the  body-arteriee 
and  the  body-veina  lies  the  capillary  system  of  the  greater, 
QT  body-circulation.     Only  in  the  two  highest  Vertebrate 
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Tia.  300.— The  five  Hrterial  arcbPB  ot  Skulled  Animali  (l-S)  in  their 
tn^nal  farm:  a,  arterial  atalk ;  a",  main  atem  of  the  Borta;  c,  head> 
arteiy  (carotia,  aaterior  continuation  of  the  Dorta-roetB).     (After  Ratbke.) 

Fie.  301.— The  firo  Brterial  arches  of  Birds;  the  light  portionB  of  the 
rtidiment  disappear;  only  the  dark  porta  are  pormanenl.  Lettora  aa  in 
Tig.  300;  (,  arteries  of  tho  elavicola  (aab-daviao)  ;  p,  lang-artcrf ;  p', 
brancheB  of  the  same.     (After  Bathke.) 

Fig.  303.- The  five  arleria!  arches  of  Uanmials.  Letters  ac  in  Fig.  301 : 
1',  veriebml  arler;;  b,  BotalU's  dnot  (open  in  the  embrfo,  •fterwaids 
cloaodj.     (After  Hathke.) 

classes,  in  Birds  and  Mammals,  is  this  complete  separation 
of  the  two  courses  of  the  circulation  perfect.  Moreover,  this 
reparation  lias  taken  place  in  the  two  classes  independently 
<if  each  other,  as  is  shown  by  the  unequal  development  of 
tbo  aortAS.     In  Birds,  which  are  descended  from   ReptUee, 
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the  right  half  (^  the  fourth  Arterial  Bxth  has  been 
permanent  arterial  aich  (areus  aortce.  Fig.  301).  ( 
otiier  hand,  the  latter  has  developed  from  the  left  1 
the  same  arch  (Fig.  302)  in  Mftmniftla,  which  are  d 
descended  from  the  Protamnia. 

On  comparing  the  arterial  system  in  the  varions 
of  the  Skulled  Atiimula  (Craniota)  in  its  matored  con 
it  appears  in  very  various  forms,  and  jet  it  dereli 
all,  from  the  same  primitive  form.  This  developmeni 
place  in  man  exactly  as  in  other  Mammals ;  especiallj 
modification  of  the  five  arterial  arches  precisely  the  a 
both  cases  (Figa  303-306).    At  first,  only  a  single  \ 


Flos.  S03-SOO.— Uetamarphotis  of  the  fire  ftrteri&I  arcIiM  in  th 
etnbijo  (diagnm  kfter  Bathke) :  (a,  arterial  etalk ;  1,  2,  8,  4,  S,  tbi 
•roliM  from  the  fint  to  the  fifth  pair  |  ad,  main  stem  of  the  to 
roota  of  the  aorta.  In  Fig.  303,  thiee  of  the  arterisl  arches  are  giveo 
804,  the  whole  fire  (those  indkatsd  bj  dots  are  not  yet  dereloped);  in 
the  flrrt  two  bare  again  diiappeaied ;  in  Fig.  306,  the  permanent 
ateni  are  repieeent«d>  The  dotted  parts  disappear.  *,  Sob.claTiai 
V,  Tertebial  arterj ;  am,  axiliary  artery ;  c,  carotid  artery  (c*,  < 
inner  CBTotis)  i  p,  pnlmonaiy  arteiy  (long-artery). 

arches  develop,  and  these  lie  on  the  inner  surface 
first  pair  of  gill-arches  (Figa.  147-150,  vol  i.  pp.  39 
i<^i{.303).    A  second  and  a  third  puT  of  arches  them 
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ptlie  fintt,  aiitl  these  ai-e  situated  on  the  inner  surface 
»«econd  and  third  gill-arches.    At  length,  a  fourth  and 
Tlh  pair  appear  behind  the  third  (Fig.  304) ;  but  while 
latter  are  developing,  the  first  two  are  again  disappear- 
by  growing  together  (Fig.  305).     The  permanent  main 
Brios   develop    only   from   the    three   posterior   arterial 
fces  (3,  4,  5,  in  Fig.  304),  the  lung-arteries  from  the  last 

Fig.  306).  (Cf.  with  this  Fig.  302.) 
iThe  human  heart  also  (Fig.  814)  develops  exactly  like  that 
::3ther  Mammals.  We  have  already  considered  the  first  prin- 
!  -  of  itsgemi-history(voLL  pp.  392-395,  Figs.  143-147), 
I  li  fsscntiaUy  corresponds  with  its  Phylogeny.""  We  saw 
■-t  the  very  fij-st  rudiment  of  the  heart  is  a  spindle-shaped 
«-keniug  of  the  intestbial-fibrouB  layer  in  the  ventral  wall 
thu  head-intestine  (Fig.  143,  df).  This  spindle-.shaped 
Elation  then  becomes  hollow,  fonn-t  a  simple  pouch,  and 
>«r&te.s  from  the  place  at-which  it  originated,  so  that  it 
aoi  lies  freely  in  the  cardiac  cavity  (Figa.  145,  14(J),  This 
Uch  bends  into  the  fomi  of  an  S  (Fig.  144,  c),  and,  at  the 
We  time,  turns  spirally  on  an  imaginary  axis,  so  that  the 
'iterior  part  lies  on  the  dorsal  surface  of  the  anterior 
i-t  Tlie  combined  yelk-veias  open  into  its  posterior 
t  iiinity ;  from  the  anterior  extremity  proceed  the  arterial 
'    s  (Fig.  I.i0,  vol.  i.  p.  398). 

;  lii.s  first  rudiment  of  the  human  heart,  which  encloses 

i\  simple  cavity,  corresponds  to  the  heart  of  the  As- 

!  ( IS,  and  must  be  regarded  as  a  reproduction  of  the  heart 

1  ij  Chordonia ;  it  now,  however,  separates  into  two,  and 

n  ihtee  parts,  thus  exhibiting  for  a  very  brief  period  the 

ort-structm-eof  theC'yclostoma  and  of  Fishes.    Tlie  spiral 

ni  and  cun'c  of  tbe  heart  increases,  and,  simultaneously, 
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two  Bhallow  tniuvene  indentations  of  Uie  drco 
appeu-,  which  eztemally  mark  the  throe  seetioDs  (! 
308).     The  anterior  section,  which  ia  tamed  ton 


Fio,  307.— Heart  of  a 


mbrjo, 


a  Babbit,  trom  behind  : 


c,  auricle  {atrium)  ;  d,  ventncle;  e,  Brtery-stalki  /, 
tliTM  pain  of  uterial  arcbet.    (After  Biaohoff,) 

FiQ.  308.— Heart  of  the  game  embiyo  (Fig.  S07),  from  th 
yelk-Tcina;  a,  auricle;  to,  auricDlar  canal;  I,  left  Tcntricle 
Tentricle;  (a,  orteiy-Etalk.     (After  BiHcboff.) 

Fio.  309. — Keart  and  head  of  an  embryonio  Dog,  from 
a,  fore-brain;  b,  eyeeg  c,  mid-brain;  d,  primitive  lower  jair ;  • 
vpp«t  jaw ;  /,  gill-archea ;  g,  right  anricle ;  h,  left  anriole  ;  i,  lef  1 
k,  right  ventricle.    (After  Biscboff.) 

Fio.  310. — Beart  of  the  same  embryo,  from  behind  :  a,  eiitr 
jelk-Teina ;  li,  left  anricalar  procesa ;  e,  right  atirioalBr  prooesa ; 
e,  ftnriCDlar  oanal;  /,  left  ventricle;  g,  right  ventriclcj  h,  a 
(After  Bischoff.) 

ventral  side,  and  from  which  the  aortal  archer 
reproduces  the  arterial  Btalk  (btilima  a7-ierioau« 
Selachii.  The  central  section  is  the  rudiment  of 
chamber,  or  ventricle  (ventriculus) ;  and  the 
section,  the  one  turned  toward  the  dorsal  side,  int 
the  yelk-veins  open,  is  the  rudiment  of  a  simple 
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■fm).  The  latter,  like  the  Hunple  auricle  of  the  heart; 
^  Fish,  forms  a  pair  of  lateral  protuberances,  the  hearfc 
or  auricular  appendages  {attricula;  Fig.  307,!*);  and 
—  ^»ice  the  indentation  hetvceen  the  auricle  and  ventricle  ia 
*-~S^led  the  auricular  canal  (canalis  aurictilaris.  Fig.  308.  ca). 
^    ».o  lieart  of  the  human  embryo  is  now  a  complete  Fisk 

Corresponding  exactly  with  tlie  Phylogeny  of  the  human 
'   -art  (Tal'Ie  XLI.),  its  Ontogeny  exhibits  a  gradual  tran- 
"■  tion  from  the  Fish  heart  through  tlie  Amphibian  heart  to 
^  » c   Maninialian  heart.     The  most  important  step  in  this 
■  Ivance  is  the  formation  of  a  longitudinal  partition,  im- 
■  -i-fect  at  first,  aftei-waiils  complete,  by  which  all  the  three 
~^t>ctions  of  the  heart  are  separated  into  a  right  (venous)  and 
m   left  (arterial)   half      (Cf.  Figs.  309-314.)     The   auriclo 
— j(p''"''"")  ^  ^'^^'^  divided  into  a  right  and  a  left  auricle,  each 
vhich  acquires  its  respective  auricular  process ;  the  body- 
i  discharge  into  the  right  auricle  (ascending  and  de- 
luding vma  cavce.Vis.  311,  c,  Fig  313.  c);  the  loft  auricle 
Mves  the   lung-veins.     Similarly,  a   auijeriicial   "inter- 
btricular  furrow"  (eutetw  inim'ventricularis.  Fig.  312,8) 
(  at  an  early  period  on  the  main  chamber  of  tho 
rt,  the  external  expression  of  the  internal  partition,  by 
>  formation  of  which  the  ventricle  is  divided  into  two 
mberB,  a  right  (venous)  and  a  left  (arterial)  ventricle, 
illy,  a  longitudinal  partition  forms,  in  a  similar  way, 
K'the  third  section  of  tho  primitive  heart,  which  no  much 
mbles  that  of  a  Fish,  in  the  arterial  stalk,  which  is  also 
ktmally  indicated  by  a  longitudinal  furrow  (Fig.  312,  a/). 
%i3   separates   the   cavity   of  the    arterj--stalk  into   two 
lateral  halves ;  the  main  lung  artery,  which  opens  into  tho 


F;o.  311. 


Fib.  313. 


Fig.  314. 


Flo.  311. — Heart  Ot  a  bmnui  embrjo  of  fonr  weeks  ;  1,  from  tie  tr 
2,  from  the  back  ;  3,  open,  and  with  the  upper  half  of  the  ftnricle  naa 
a',  left  auricular  process ;  a",  right  aaricalar  pRMMi  t  v',  left  TOiti 
v",  right  ventricle ;  aa,  artery-stalk ;  e,  upper  hollow  tud  (vaiu  can] 
right,  cs,  left) ;  «,  nidiment  of  the  partition,  between  the  chamben.  ( 
Koelliker.) 

FiQ.  312. — Heart  of  a  human  embryo  of  di  weeks,  ftvm  the  1 
r,  right  ventricle  ;  (,  loft  ventricle ;  >,  farrow  twtween  the  two  ventr 
ta,  arteiy-Btalk ;  if/i  farrow  on  it«  nirfaoe ;  at  the  riglit  and  left  u 
two  laige  aoricnlar  ptoceaaoa  of  the  heart.     (After  Ecker.) 

Fio.  313. — Heart  of  t,  haioBii  embryo  ot  eight  weeka,  from  be 
b',  left  aarioalar  proceai ;  a",  right  aoricnlar  prooeaa  j  «',  left  vent 
«",  right  ventricle  j  cd',  right  npper  vena  cava  ;  a,  left  upper  vaia 
ci,  lower  twia  cai-a.    (Aller  Koetliker.) 

Fin.  314.— Heart  of  haman  adult,  perfectly  developed,  from  the  fn 
its  natDTal  poaition :  a,  right  auricular  prooeaa  (below  it,  the  right  Tend 
f>,  left  anricular  proceea  (below  it,  the  left  ventricle)  t  C,  npper  vwita 
r,  loDg-veins;  P,  lung-artery;  d,  BotaUi'a  dnct j  A,  MirtA,     (After  Xe 

right  ventricle,  and  the  aorta-trunk,  which  opens  into 
left  ventricle.  Not  until  all  these  partitions  are  comp 
is  the  lesser,  or  lung-circulation,  entirely  distinct  tram 
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hr,  or  body-circulfttion ;  the  right  half  of  the  heart  is 
'tiitre  of  motion  for  the  former,  the  left  half  for  the 

t.-r,     (Of.  Table  XLI.) 

In  tlie  human  embryo,  and  in  all  other  Amniota,  the 
^irt  ori^nally  lies  far  foi-ward  on  the  lower  side  of  the 
Vkd,  as  in  Fitihes  it  remains  pei'manently  near  the  throat, 
^terwards,  with  the  advancing  development  of  the  neck 
^  chest,  the  heai-t  continually  moves  further  back,  until 

last  it  is  situated  in  the  lower  \tB.Tt  of  the  breast  between 
■«  lungs.  At  tirat  its  position  is  symmetrical,  in  the  central 
vne  of  the  body,  no  that  its  longitudinal  axis  cone- 
M>nd8  with  that  of  the  body  (Plate  IV.  Fig.  8).  In  most 
.ammals  it  retains  this  symmetrical  position  permanently; 
Qt  in  the  Apes  the  axis  begins  to  incline  obliquely,  and  to 
love  the  apex  of  the  heart  to  the  left  side.  This  inclination 
I  carried  furthest  in  the  Man-like  Apes;  in  the  Chim- 
wusee,  Gorilla,  and  Orang,  which  also  resemble  Man  in 
Jiis  oblique  position  of  the  heart 

The  germ-history  of  all  other  parts  of  the  vascular  system, 
^e  that  of  the  heart,  point  out  many  and  valuable  facts  re- 
pwdiog  the  history  of  our  descent.  But  as  an  accurate  know- 
edge  of  the  complex  arrangement  of  the  entire  vascular  system 
(f  Man  and  other  Vertebrates  is  required,  in  order  to  follow  the 
natter  sulBciently  far  to  make  it  intelligible,  we  cannot  here 
•nter  into  any  further  detail,"**  Moreover,  many  important 
«atQres  in  the  Ontogeny  of  the  vascular  system,  especially 
n  regard  to  the  derivation  of  its  various  parts  from  the 
lecondary  germ-layei-s,  are  aa  yet  very  obscure  and  doubtful, 
rhis  is  true,  for  example,  of  the  (lueation  aa  to  the  ori^n  of 
llie  c<£lom-epithelium — that  is,  of  the  cell-layer  coating  the 
Iwdiy-cavity.    Probably  there  is  an  important  phylogenetic 
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distinction  between  the  exocoelar,  or  the  parietal 
epithelium,  which  originates  from  the  6kin-fibroiis  li] 
the  endocoelar,  or  the  vidceral  coelom-epithelimn, 
is  derived  from  the  intestinal-fibrous   layer.     The 
is,  perhaps,  connected  with  the  male  genn-epitheUnmi 
iiidimont  of  the  testes),  the  latter  with  the  female 
epithelium  (the  rudiment  of  the  ovary).    (Cf.  Cluqyter 


TABLE  XL. 

Systematic  Subvet  of  the  most  iMPOxxAirr  Periods  rx  the  Pbtlogc 

OF  the  Human  Vascular  STsrsar. 

I.  First  Period :  Vascular  System  cf  the  earlier  Scoleeida. 
Between  the  skin-oovering  and  the  intestinal  waU  is  formed  a  sin 
body-cavity  (ccelovia),  or  a  perienteric  cavity  (as  in  the  extant  Bryosoa 

other  Ccslomati). 

II.  Second  Period :  Vascular  System  of  the  more  recent  Scolecida, 

The  first  real  blood-vessels  form  in  the  intestinal  waU  (in  the  inteeti 
fibrous  layer),  a  dorsal  vessel  in  the  central  line  of  the  dorsal  side  of 
intestinal  tube,  and  a  vcntml  vessel  in  the  central  line  of  its  vcntial  t 
The  two  vessels  aro  connected  by  several  circular  vessels,  encixx:lix^ 
intestine. 


III.  Th  ird  Period :  Vcucular  System  of  the  earlier  Chordonia. 

By  the  modification  of  the  anterior  half  of  the  intestine  into  a  j 
intestine,  the  anterior  section  of  the  ventral  vessel  becomes  a  gill-art 
and  the  anterior  section  of  the  dorsal  vessel  a  g^Uvein ;  between  the 
a  j^U  capillary  network  develops. 

IV.  Fourth  Period :  Vascular  System  of  the  more  reeeiU  Chordonia, 

The  portion  of  the  ventral  vessel,  lying  immediately  behind  the  | 
intestine,  enlarges  to  a  simple  heart-ponoh  (Ascidian). 


rHYLOGENY  OP  THE  HUMAN    UtlAltT. 

T.  Fijth  Period  :   Vaaeular  Syttcai  of  Iht  Atraiiia. 
hTABtnil  TEiecl  (inUstinal  Tein)  fonns,  round  the  deToloft'iog  liri^rj 
A  flnt  rndiiDCDt  of  a  vddb  portoi  ajitcm. 

Yl.  Sitik  PrrUii!  YmckUt  Syttem  n/the  Cy«lo»(oini. 
I  ■iDgte-chambercd   heart  dividM  intc  two  chambBni ;   n  pDCtprior 
The  lymph.TPsaiil  Bjetem  develops  sidtf 

;.  6m)aa%  Period  :  Vatntlar  System  of  the  Frunilii'e  FMtr,  or  Selacbu. 
r  BectJOD  of  the  main  chntnbrr  of  the  he&rt  ariaos  n 
r-Ttn1k  or  (rank,  from  which  five  (?)  pnira  of  urtciial  archea  proceed. 

rm.  m.j'.th  Pmod  .-   Vaseula,-  Syite.'!  0/  (As  Mad-JUhtt. 


IX.  Ni'iilfc  Feriod ;  Vaifvlar  S-jslem  of  AmplMia. 


X.   Tei-lh  Period  .-   Vateular  Sytlei- 


TABLK   XLI. 
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L  Finl  Perioil :  IJeart  of  CTiofiionia. 
Ttio  henrt  fomm  a  siiiiplo  spindle-shaped  enlarfcemcnt  of   Iho  t 
wsel,  with  an  nltcnuiting  b1ood.«Drreiit  (as  in  Ancidin). 

n.  SecatU  Period  :  Heart  q/  Airaiiia. 
Tba  hMTt  b  like  that  of  Chordmia.  bat   the   blood-c-iirrent  nc 
I  ooDotaiit  direction,  powitig  oh!v  from  bncV  to  troa!,     (ItclnigiiMl 
■pMo....) 
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III.  Third  Period  :  HeaH  qf .  CyeloHtmuL 

Tho  heart  diyidea  into  two  chambers,  a  posterior  auricle  (oinH 
an  anterior  ventricle  (rentriculus), 

lY.  Fourth  Period :  HeaH  of  Primiiiv  Fiehes. 

From  the  anterior  section  of  the  Tsntricle  is  diilerentiated  u  in 
stalk  (hulbus  arieriosvs),  as  in  all  Sclachii. 

y.  Fifth  Period  :  HeaH  of  the  Mud-fiehet. 

The  anricle  divides,  by  an  imperfect  and  intempted  psrtitia, 
n  right  and  a  left  half,  as  in  Dipnensta. 

YI.  SU'th  Period :  Heart  of  Awohihia, 

The  partition  between  the  right  and  left  aorioles  beccmiGs  complele 
the  higher  Amphibia. 

VII.  Hcventh  Period :  Heart  qf  Protamma^ 

The  main  chamber  of  the  heart  divides,  by  an  incomplete  partitla 
a  right  and  a  left  lialf,  as  in  Reptiles. 

VIII.  Eighth  Period  :  Heart  of  Ifonotftfrno. 

The  partition  between  the  right  and  left  ventricles  becomes  compl 
in  all  Mammals. 

JX.  Ninth  Period :  Heart  of  Marsupials^ 

The  valves  between  the  auricles  and  ventricles  (atrio-ventricolar ' 
together  with  tho  connecting  filaments  and  papillary  mnscles  belon 
them,  arc  dififcrentiatod  from  the  mnscalar  masses  of  ICoootremes. 

X.  Tenth  Period :  Heart  of  Apes. 

The  main  axis  of  the  heart,  lying  in  the  central  line  of  ih 
becomes  oblique,  so  that  the  apex  is  tnmpd  to  the  left,  as  in  A] 
Man* 
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CHAPTER  XXV. 

DRVELOPMENT  OF  THE  UBINABY  AND  SEl 

Importance  of  Beprodaotion. — Growth. — flimpliwt  IVinBi 
dnotion:  DiTiaion  and  the  Fonnation  of  Biida  (Gem: 
Fonns  of  Sexual  Beprodaotion :  Amalgamatfaw  of  < 
Celle ;  the  Halo  Spenn-oell  and  the  Female  Bgg-oe] 
Source  of  Loye. — Original  Hermaphroditiam  $  Latar 
Sexes  (GonoohoriBm). — Original  Development  of  t 
Sexual  Cells  from  the  Two  Mmazj  Germ-Iajen.— ^ 
and  Ftanale  Entoderm. — ^Derelopment  of  the  Teal 
^Msage  of  the  Sexual  Cells  into  the  Ccshnn. — ^Hermi 
of  the  Xmbryonio  Epithelinm,  or  Seznal  Plate,  d 
Sexual  Dnots. — ^Egg-duct  and  Seed^not.— Developii 
the  Frimitiye  Kidnej  Dnots. — Excretoiy  Qigans  of 
Canala  "  of  Binged  Worms  (itmisUda).— Side  Oanala 
— Ftimitiye  Sadn^  of  the  Jry«<tioito.~MBiitiTe  1 
Awi'wMfcia  (Cramola).  — Deyelopmenk  of  the  Ftea 
Kidneys  in  AmnMa. — Development  ef  the  Urinary 
Allantois.— Differentiation  of  the  Frinaiy  Md  Bei 
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ibwuTEd.  and  thus  findx  principles  trooi  irhioh  many 
be  dcrircd.    TIiik  in  mora  than  mere  experience  j   it  is, 
[oaophicalBipBriencp."~Jcm*s!ti:a  MiJLtEB  (1840). 


^  w  jii'Ige  of  tilt!  importaucu  of  tbt;  oi^gan-syatems  of  the 

^Oimal   botly    acwrdiny    to    tbe    numbvr  and   variety   of 

•^enomcna  wliicli    they    jn-esont,  and    acconiing    to    the 

*^y»ioIogical  intci-est  coiini;et«d  witli  tlitiio,  we  most  recog- 

*-3ze  as  one  of  the  most  important  and  intei-osting  organic 

*.^stemH,  the  one   to   the  development  of  which  we   now, 

dually,  turn ;  the  system  of  the  reproductive  organs.     Just 

^«  nutrition  is  the  Brst  mid  must  im[x>rtaiit  condition  of 

'  If-preservation  of  the  organic   individual,  so  by   repro- 

'  I  Lctioit  alone  is  the  pi'eservation  of  the  kind  or  species 

tli-eted,  or,  rather,  the  preservation  of  the  long  series  of 

. .  iicratiom>,  wliich  in  their  gcueal<^cal  connection  form  the 

ijiii  of  the  oi;ganic  tribe,  or  pliylum.  No  organic  individual 

Mtyoys   an   et<;mal  life.     To  each  is  granted  but  a  short 

of  time  for  his  individual  evolution,  a  brief,  fleeting 

iMit  in  the  long  million.^  of  yeai'H  of  the  cai-th's  organic 

•>•>■• 

Reproduction  in  connection  with  Heredity  has,  there- 
beon    ifgardfd    as,  after   nutrition,   the    most 
fundamental  function  of  the  oiganism,  and  it  is 
y  to   make   this  a  primary   dintinetion  between 
i  and  tifelos-s   or  inorganic   bodies.     But  this 
inction  i.*  in  ri>ality  not  so  deep  an<l  thorough  as  it  at 
i[>ears,  and  as   is  gu'Uerally   aiisumed.     For,  if   the 
of  tlio  phonomi'na  of  roiirwluction  is  closely  con- 
it  is  soon  seen  tliat  it  may  be  reduced  to  a  mon* 
quality,  Umt  of  gi-owtli.  which  belongs  to  inorganic, 
Well  OS  to  oiganie  boities.     Reproduction  is  a  nutritiuii 


L- 
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and  a  growth  of  the  organism  beyond  tbe  individni 
Avhich^  therefore,  raises  a  part  of  the  oiganism  to  the 
of  a  whole  (vol.  L  p.  151)).  This  is  most  dearly  sei 
<ibserving  the  reproduction  of  the  simplest  and  1 
organisms,  especially  of  the  Monera  (p.  46)  and  of  the 
celled  Amoeba  (p.  48).  In  these,  the  simple  individiui 
sesscs  only  the  form-value  of  a  single  plastid.  As  so 
by  continued  nutrition  and  simple  growtli,  this  has  r€ 
a  certain  size,  it  does  not  exceed  that  size,  but  M 
simple  division,  into  two  similar  halves.  Each  of 
two  halves  thenceforth  leads  an  independent  life,  and 
gi'owa,  till,  having  reached  the  same  limit  of  growth,  i 
more  divides.  At  each  of  these  simple  self-divisioni 
new  central  points  of  attraction  for  the  particles  ( 
body  are  formed,  as  foundations  of  the  two  new 
viduals.^^ 

In  many  other  Primitive  Animals  {Protozoa),  the  1 
reproduction  is  accomplished,  not  by  division,  but  I 
formation  of  buds  (gemmation).  In  this  ease,  the  g 
which  prepares  the  way  for  reproduction,  is  not  total 
the  case  of  diN-ision),  but  partial.  Hence  in  tlie  c 
gemmation,  the  product  of  local  growth,  which,  as  £ 
forms  a  new  individual,  can  be  distinguished,  as  a 
individual,  from  the  parent-organism  from  wlii 
originatea  The  latter  is  older  and  larger  than  the  fi 
In*  the  case  of  division,  on  the  contraiy,  the  two  pn 
are  of  equal  age  and  of  equal  form-value.  Fi 
differentiated  forms  of  asexual  reproduction,  com 
with  gemmation,  are,  thirdly,  the  formation  of  germ 
and,  fourthly,  the  formation  of  germ-cells.  The  1 
however,  brings  us  directly  to  sexual  reproduction,  for  y 
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e  opiiosed  differentiation  of  the  two  soxes  is  the  condition. 
m  my  Oejierelle  Morpholagie  (voL  ii.  pp.  32-71),  and  in 
^   "Natural    History   of   Creation"   (vol.   i.  p.    188),   I 

^»A'(r  fuUy  discussed  the  connection  of  these  various  forms 

•r  rfpruduiition, 

Jtone  of  the  earliest  ancestoi-s  of  Mau  and  of  the  higher 
~^^EiunalH  were  capable  nf  the  hifjher  I'unclion  of  sexual 
"^^production,  hut  multipliud  only  in  an  asexual  manner,  by 
division  or  gemmation,  by  the  formation  of  genn-buds,  or  of 
-*t«nn-cells,  as  is  still  the  case  with  most  Prinwcval  Animals 
»":*i-  Protozoa.  It  was  not  until  a  later  jieriod  in  the  organic 
^  » Lstorj'   of  the   earth,  that  sexual   difference   of  the   two 

^cxes   could   arise  ;    and   this  took   place   at  first  in  the 

'-(.imjilest  manner  by  the  severance  of  two  cells  which 
-  AmaJgauiatod  from  the  community  of  the  many-celled 
urganism.  We  may  say  that,  in  tliia  case,  growth,  which  is 
^^H)4  condition  necessaiy  to  reproduction,  was  attained  by 
^^Be  onion  of  two  fuH-grown  cells  into  a  single  cell  which 
^^Beji  exceeded  lis.  proper  size  ("copidation"  or  conjuga- 
^^Hon").  At  first,  the  two  united  cells  may  have  been 
^^B^roly  alike.  Soon,  however,  by  natural  selection,  a  con- 
^^■BJst  must  have  arisen  between  them.  For  it  must  have 
^Hwn  very  advantageous  to  the  newly-creatcfl  individual  in 
^^Be  struggle  for  existence,  to  have  inherited  various  quali- 
^Hp08  from  the  two  parent-cells.  The  complete  development 
^B|  this  progressive  contrast  between  the  two  producing 
^^hBb,  led  to  sexual  differentiation.  One  cell  became  a 
^KtaDale  egg-cetl,  the  other,  a  male  seed  or  sperm  cell, 
^H  The  simplest  form  of  sexual  I'eproduction  among  existing 
^■lumals,  is  exhibited  in  Gastra?ad3  and  the  lower  Sponges, 
^Htoecially  the  Chalk  Sponges,  and,  also,  in  tlic  simplest 
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Hydroid  Polyps.  In  iho  HaliphyseniA  (Fig.  S15)fll 
the  Olynthus  the  whole  body  is  &  simple  intM'w*^  |fl 
which  is  only  essentially  distinguished  from  the  gutni 
the  fact  that  it  is  adherent  by  the  end  opposite  the  mi 
The  thin  wall  of  the  pouch  consists  only  of  iiiet 
]>riinary  gemi-laycrs.  As  soon  as  it  is  86x011%  mb 
single  cells  of  the  wall  become  female  ^[g-oells,  oi 
1)ecomo  male  speim-cells,  or  seed-cells ;  the  former  g 
very  large,  as  they  form  a  considerable  number  of  v 
granules  in  their  protoplasm  (Fig.  181,  e);  the  latter,  (■ 
contrary,  by  continued  division,  become  very  smtO, 
modify  into  movable  "pin-shaped"  spermatozoa  (Ti; 
vol.  i.  p.  173).  Both  kinds  of  cells  sever  themselves  from 
birthplace,  the  primary  germ-layers,  fall  either  int< 
surrounding  water  or  into  the  intestinal  cavity,  and 
unite  by  amalgamation.  This  is  the  very  important  jp 
of  the  fertilization  of  the  egg-cell  by  the  sperm-celL 
Fig.  18,  vol  I  p.  175.) 

These    simplest  processes  of   sexual    reproducti 
exhibited  at  the  present  time  in  the  lowest  Plant  Ai 
especially  in  the  Chalk  Sponges  and  Hydroid  PcJyps, 
us  of  several  extremely  important  and  significant 
in  the  first  place,  we  learn,  that  for  sexual  reproduce 
its  simplest   form,  nothing    more    is   required    tha 
blending  or  amalgamation  of  two  differing  cells,  a 
egg-cell  and  a  male  sperm-cell,  or  seed-celL     All 
circumstances,  and  all  the  other  extremely  complex  ] 
mena,  accompanying  the  act  of  sexual  reproduction 
higher  animals,  are  of  a  subordinate  and  secondary  c 
ter,  and  have  only  attached  themselves  secondarily  i 
simplest  primary  process  of  copulation  or  fertilizati 
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n  by  differentiation.     But,  now,  if  ^ 

extraurdinorily    important  part   is    evervwhe* 

the  relation  of  the  two  aexes  in  organic  natiiM 

;etable  kingdom,  as  in  animal 

lan  life;   how   the  reciprocal 

and  attraction  of  the  sexes, 

»  the  impetus   of  the  most 

id  remarkably  proc 

of  the  mo^t  important  ' 
causes  of  the  highest  ' 
btion  in  life  ; — if  we  consider  \ 
lot  over-estimato  tliis  re-  * 
of  "  love "  to  its  primitive  s 
Be,  to  the  power  of  attraction  be- 
st two  differing    ceils.       Every- 

a,  BlS.^Longitadinnl  Bettioii  through  a 
qraena  (Oaarmrodo).  Tho  ogg.polla  {<•)  are 
[■d  epitheliHl  oells  of  tho  entoHorm  (g), 
ll-toelr  in  tlio  priniitiiQ  iiitoatiiial  ckTiC; 
j^Hatti-opeiuDg ;  /i.eiodoiiu. 


lolts   proceed  from   this   most  insignifii 
It  is  only  necessary  to  think  of  the  part  playe< 
re  by  the  flowers,  the  reproductive  organ  of  floweri] 
lia;    or  of   the    multitude    of    wonderful    phei 
id  by  sexual  selection  in  animal  life ;  or,  finally,  of  the 
Itant  influence  exerted  by  love  on  human  life :  the  coa- 
ico   of  two  eells   i»  everywhei-e   the   dingle,   ongim 
lling  motive;  everywhei-e  this  apparently  trivial  prq 
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cess  exerts  the  greatest  influence  on  the  deYelc^Hoeoti 
most  varied  circumstancea  We  may,  indeed,  assed 
no  other  organic  process  can  be,  even  lemotelj,  oompi 
this  in  extent  and  intensity  of  difierentiating  eflkt 
is  not  the  Semitic  myth  of  Eve,  who  seduced  Ai 
knowledge,  and  is  not  the  old  Greek  legend  of  hn 
Helen,  and  are  not  very  many  other  fiunous  fictional 
the  poetical  expression  of  the  immeasurable  influeneei 
love,  in  connection  with  "  sexual  selection,**  *  has  ea 
ever  since  the  differentiation  of  the  two  sexes,  on  ill 
^^ss  of  the  world's  history  ?  All  other  passions  Uiat  i 
the  human  breast  are  in  their  combined  effects  £ 
powerful  than  love,  which  inflames  the  senses  and  fo 
understanding.  On  the  one  hand,  we  gratefully  glori 
as  the  source  of  the  most  splendid  creations  of  art ; 
noblest  productions  of*  poetry,  of  plastic  art  and  of 
we  reverence  in  it  the  most  powerful  factor  in 
civilization,  the  basis  of  family  life,  and,  conseque 
the  development  of  the  state.  On  tlie  other  hand, 
in  it  the  devouring  flame  which  drives  the  unfortt 
ruin,  and  which  has  caused  more  miserj'-,  vice,  an< 
than  all  the  other  evils  of  the  human  race  taken  t 
So  wonderful  is  love,  and  so  immeasuittbly  imports 
influence  on  mental  life,  on  the  most  varied  function 
medullary  tube,  that  in  this  point,  more  than  in  an 
"supernatural"  causation  seems  to  mock  every 
explanation.  And  yet,  notwithstanding  all  this,  tl 
parative  history  of  evolution  leads  us  back  very  cle« 
indubitably  to  the  oldest  and  simplest  source  of 
the  elective  affinity  of  two  differing  cells :  the  sp 
and  the  egg-celL 


HERMAriiRODr 

;  &s  tlie  lowest  Plant  Animals   exhibit   this   mosi 

p:;    ^tolc  i>rigin  of  the  coinplex  phenomena  of  reproduction, 

^^^^B  the  second  place,  they  reveal  tlie  highly  important 

^^^fi^   tliat  the  earliest  and  most  primitive  sexual  relation. 

^_g^  hermaphroditism,  and  that  the  ttepamtion  of  the  sexea 

^■■^Biiated  from  this  only  secondarily  (l^y  division  of  lahour). 

^^^Booaphroditism  is  prevalent  in  lower  animals  of  the  moat 

^^Berent  groups;    in  thetie,  each   ^mgle   individual,   when 

*<xially  mature,  each   pei-son,  contains   male   and   female 

-iual  ceils,  and  is,  therefore,  capable  of  self-fertilization 

»  <1  selC-roproduction.     Thus,  not  only  in  the  lowest  Plant 

*uuials  just  mentioned   (the    Gastrreads,   Chalk-spongea, 

*-d    many    Hydroid   Polyps)    do  we    find    egg-cells  and 

>-t!rni -cells    united    in    one   and    the   same    person ;    but 

*  uny  Worms  (for   example,  the  Ascidians,  P^artli  Worai* 

"  *id  Leeches),  many  8nails  (the  etmiroon  garden  Snail),  and 

I  my  other  invertebrate  aniniak  arc  ako  hermaphrodite. 
1  the  earUer  invertebrate  ancestorN  of  man,  from  the 
Blnuada  up  to  tlie  Chordoma,  must  also  have  been  her- 
phroditc.  So,  probably,  were  also  the  earliest  Skulled 
liinals  (Figa.  52-50,  c,  h,  vol.  i  p.  256).  One  extremely 
ighty  piece  of  evidence  of  this  is  afforded  by  the  rcmark- 
iilite  fact,  that  even  in  Vertebrates,  in  Man  as  well  as  other 
\'ortebrates,  the  original  rudiment  of  the  sexual  oi^ana  is 
liL-rmaphroditc.  The  separation  of  the  sexes  (Gonocho- 
r'unn),  the  assignment  of  the  two  kinds  of  sexual  cells 
to  different  individuals,  originated  from  herroaphroditisni' 
niy  in  the  farther  couree  of  tribal  history.  At  first,  male 
1  female  individuals  differed  only  in  the  possession  of  tha 
iro  kinds  of  cells,  but  in  other  resjiecLs  were  exactly  alike, 
.  is  now  the  case  in  the  Aiiiphioxus  and  the  f 'yclostoma. 
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Not  until  a  later  period,  by  the  law  of  sexual  wkM 
brilliantly  elucidated  by  Darwin,  were  developed  ll 
called  "  secondary  sexual  characters,"  that  is,  thdi 
fcrences  in  the  male  and  female  sexes  which  are  edi 
not  in  the  sexual  organs  themselves,  but  in  other  p 
the  body  (for  example,  the  beard  of  the  man,  the  tai 
the  woman).* 

The  third  important  fact,  taught  us  by  the  lower 
Animals,  refers  to  the  earliest  origin  of  the  two  kk 
sexual  cells.  For,  as  in  Qastrseads,  and  in  many  Spcmg 
Hydroidfi,  in  which  we  meet  with  the  simplest  nidi 
of  sexual  differentiation,  the  whole  body  consists  throi 
life  only  of  the  two  primary  genn-layers,  the  two  ki 
sexual  cells  can,  therefore,  only  have  originated  froi 
of  the  two  primary  germ-layers.  This  simple  disco 
of  extreme  importance,  because  the  question  of  tl 
origin  of  the  egg-ccUs  as  well  as  of  the  sperm-celL 
higher  animals — and  especially  in  Vertebrates — i 
unusual  difficulties.  In  these  animals  it  usually  ; 
as  if  the  sexual  colls  developed,  not  from  one  of  t 
primaiy,  but  from  one  of  the  four  secondary  germ 
If,  as  most  authoi*s  assume,  they  do  originate  fn 
middle-layer,  or  mesoderm,  the  fact  is  due  to  an  ontc 
heterotopism,  to  a  displacement  in  position.  (Cf.  voL  i 
Unless  the  unjustifiable  and  paradoxical  assumpti< 
the  sexual  cells  are  of  entirely  different  origin  in  the 
and  in  the  lower  animals,  is  accepted,  we  are  compc 
flerive  them  originally  (phylogenetically),  in  the  form< 
the  latter,  from  one  of  the  two  primary  germ-layera  ] 
then  be  assumed  that  these  cells  of  the  skin-Iayei 
the  intestinal  layer,  which  must  be  regarded  as  the  < 
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Rtors  of  the  apenn-ccll''  anil  of  the  cgg-coUs,  with- 

^,  during  the  separation  of  the  HkJn-fibrous  Uycr  from 

If'-akin-sensory  layer,  or  of  thn   intestinal-fibrous   layer 

the  intestinal-glaijdiitar  layer,  into  the  bofly-cavity 

a),  whicli   was   in   process   of  formation;  and  that) 

thus  acquired  the  internal  position  between  the  twc» 

layers,  which   appoai-s   as   then-   original   positioor, 

p.  .WD  the  sexual  cells  firat  become  distinct  in  the  vertebrate 

^  Jonro.     Otherwise,  we   shoidd  bo  obliged  to  accept  the 

nbable  polyphyletie  hypothesis,  that  the  origin  of  the 

I  and  sperm-cells  is  "lifferent  in  the  higher  and  lu 

WW  animals,  that  their  urij^  in  the  former  is  inde- 

mt  of  that  in  the  lattei". 

f  If  we,  accordingly,  derive  the  two  kinds  of  sexual  cells 

I  the  two  primary  germ-Iayei-s  in  man  as  in  all  othei- 

lals,  the  farther  question  arises :   Did  the  female  egg-« 

fells  and  the  male  sperm-cclla  develop  from  both  primary 

_     ;«!nii-layera,  or  from  one  only  ?  and,  in  the  latter  case,  from 

^^^diich  of  the  two  ?   This  important  and  interesting  question 

^^^■one  of  the  most  difHcult  and  obscure  [troblenut  in  tho, 

^^^Pbtory  of  evolution,  and,  up  to  the  present  moment,  no  full' 

^^^nJ   clear  solution  has   been  attained.     On  the   contrary; 

ilie   most  opposite  answers  are  given  to  it  even  yet  byi 

naturalists  of  note.     Among  the  various  jjosniblo  solutions 

only   two  have   been   generally  considered.     It  has   been 

Biipiwsed   that  both  kinds   of  sexual   cells  originally  de-. 

vvloped  from  the  same  primaiy  gei-m-layer.  either  from  tlio 

■  kin-layer  or  the  intestinal  layer ;  but  almo.st  as  many  and 

:i»  able  observers  have  accepted  the  one  as  the  origin  aa^ 

the  other.     Quite  recently  the  Belgian  naturalist!,  Sduard, 

von  BcDedeD,has  asserted,  on  the  contrary,  that  the  (^-ceUp 
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ori^nate  firom  the  intcstin&l  layer,  the  sperm-cdb  h 
skin-layer.^  In  GastrBead8»  Sponges,  and  Hydros 
this  appears  really  to  be  the  case.  The  developmoefc 
sexual  differences,  which  is  so  rich  in  results,  ma 
cordingly,  have  commenced  even  during*  the  differes 
of  the  two  primary  germ-layers  in  the  simplest  and 
Plant  Animals ;  the  exodeim  would  be  the  male  geia 
the  entoderm,  the  female.  If  this  discovery  of  Van  B 
is  established  and  proves  to  be  a  universal  law,  Biokj 
gain  a  most  pregnant  ad\'ance ;  for  not  only  would 
contradictory  empiric  explanations  be  answered,  bat 
path  would  be  opened  for  philosophic  reflection  on 
the  most  important  of  biogenetic  processes. 

If  we  now  trace  the  Phylogeny  of  the  sexual 
in  our  earliest  Metazoic  ancestors  further,  as  it  is  in< 
at  the  present  time,  in  the  Comparative  Anatoi 
(Jntogeny  of  the  lowest  Worms  and  Plant  Anim 
note,  as  the  iii-st  advance,  the  accimiulation  of  the 
both  sexes  into  definite  groups.  While  in  Spouj 
the  lowest  Hydra-Polyps  single  scattered  cells  sepan 
the  cell-layers  of  the  two  primary  germ-layers,  and 
isolated  and  free  sexual  cells,  in  the  higher  Plant  2 
and  Worms  we  find  these  same  cells  associated  a 
lected  into  groups  of  aggregate  cells,  which  are, 
forward,  called  "  sexual  glands,"  or  "  germ-glands  "  (gt 
It  is  only  now  that  we  can  speak  of  sexual  oigaus 
morphological  sense.  The  female  germ-glands  wh 
such,  in  their  simplest  form  constitute  a  mass  of 
genous  egg-cells,  are  the  ovaries  (ovaria,  or  oophon 
211,  c,  p.  198).  The  male  germ-glands,  which  ir 
primitive  form  also  consist  merely  of  a  mass  of  spen 
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)  testes  (teali'Jidi,  or  ort;hidi:B;  Fig,  211,  h).     We  find 
^avaxies  anJ  testes  in  this  earliest  and  simplest  shapi' 
' — '7  in  many  Worms  (^Annelida)  and  Plant  Animalei, 
in  the  lowest  Vertebrates,  in  the  Skull-less  Animals 
a).    In  tijo  anatomy  of  the  Amphioxiis  we  found  thi' 
a  of  the  female  and  the  testes  of  the  male  consisting 
aity  to  thirty  elliptic  or  roundly  four-cornered  simple 
t  of  small  size,  attached  to  the  inside  of  the  gill-cavity 
ti  aide  of  the  intestine.     (Cf.  vol.  i.  p.  i2o.) 
oly  a  single  pair  of  gerw-glands,  lying  far  down  in  tho 

■  of  the  botly-cavity  (Fig.  31G,  g),  exist  in  all  Skulled 
""^niinals  (Cra/niota).     The  first  traces  of  these  appear  in  the 

^om-epithelium.  Probably,  in  this  case  also,  the  male 
^emi-cells  originate  from  the  skin-layer,  the  female  egg- 
-  ll.s,  on  the  contrary,  from  the  intestinal  layer.  The  earliest 
■^aci's  aie  visible  in  the  embrjo  at  the  point  where  thr 

t«in-fibrous  layer  and  the  intestinal-fibrous  layer  meet  in 

■111!  middle  plate  (mesentery-plate)  (Fig.  SlS.iaji,  p,  408). 

\t  this  very  important  point  in  the  coelom-wall,  where  the 
ndoctelar  (or  viscei-al  coelom -epithelium)  merges  into  tho 

'  Mjctelar  (or  panetal  ccelom-epithelium),  in  the  embryo  of 
1  and  the  other  Skulled  Animals  a  small  aggregation  of 
8  becomes  visible,  at  a  very  early  period,  and  this,  accord- 

■  to  Waldeyer,^**  wo  may  call  the  "germ-epithelium," or 
esponding  with  tho  other  plate-shaped  rudimenta  of 
is)  the  sexual  plate  (Fig.  316,;/;  Plate  IV.  Fig.  5,itO-   The 

a  of  this  germ-plate,  or  aexuat  plate  {lamella  se-eiudis)  are- 

mtially  distinguished  by  their  cyUndrical  form  and  by 

cliemical  constitution  from   the  other    cells    of    the 

II ;  they  are  of  quite  different  significance  from  the  flat 

.  of   the   "serous    cceloin-epithelium"  which   line   tho 
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rcinainder  of  the  body-caTity  {eo^oma}.  Of  Amb  U 
tlie  true  cceiom-ceUu — those  which  inveat  the  W 
tubo  and  the  mesenteiy  ("  evdoccdar  ")  origimte 


Via.SK. — Tronsvorai;  hccIiuii  tlirougU  the  pelvic  rogioii  And 
limb*  of  an  embryo  Chick  in  tlie  fourth  dfty  of  incnbatirai,  enlugi 
40  timcB:  h,  horn-plate;  w,  medoUaiy  tabet  a,  eaaiJ  of  the  ni 
tube;  11,  pritnitiTe  Icidneja  ;  i,  notoehord;  «,  hind  liroba  ;  b,  allantt 
ill  TODtral  wdU;  (,  aorta;  v,  cardinal  veins;  o,  intoEtine;  d,  in 
Itbuulnlar  lajerj  /,  inteatinal-Gbroat  laTcri  rr,  germ-opilhelinm; 
uineclcB;  e,  boilj.cavity,  ur  Cwlom.    (After  Waldcyer.) 

intestinal-iibi-ouii  layer  (in  Fig.  5,  Plate  IV.,  coloured 
those  which  line  the  inner  surface  of  the  external  y 
the  abdomen  ("  e.ruc>sJar  ")  are,  on  the  contrary,  the  p 
of  the  skin-fibrous  layer  (coloured  blue  in  Fig.  5,  Plat< 
but  the  sexual  cells  which  make  their  appearance 
Iwundary  line  between  the  two  forms  of  coeiom-cell 
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iBert  themselves,  to  a  certain  extent,  between  the 
and  the  exoctelar,  there  forming  the  germ- 
mot  be  referred  either  to  the  intestinal-fibrous 
)  the  skin-fibrous  layer,  but  directly  to  the  two 
tn-layers;  for  there  are  important  grounds  for 
J  that  even  the  first  rudiment  of  the  sexual  plate  is, 
f,  hermaphroditic,  and  that  this  "  sexual  epithelium  " 
!,  in  Man  and  all  other  Vertebrates,  between  the  exo- 
Br  and  the  endoccelai')  represents  a  primaeval  and  aimple 
c2iapbrodtte  gland.  (Cf  vol.  i  p.  256,  Figs.  52-50,  e,  h.) 
t  inner  half  of  this,  in  contact  with  the  intestinal-fibrous 
Br,  which  is  derived  from  the  intestinal-glandular  layer, 
uld  be  the  rudiment  of  the  ovary;  its  outer  half,  in 
itact  with  the  skin-fibrous  layer,  which  originates  from 
I  intestinal -glandular  layer,  would  be  the  rudiment  of  the 
tea.  This  is,  of  course,  only  conjectural. 
We  ought,  accordingly,  to  distinguish  two  difi'erent 
[oal  plates  or  germ-epithelia ;  the  female  se.^iial  plate,  a 
)dact  of  the  intestinal  layer,  which  gives  rise  to  the 
uy-epithelium — the  mother  cells  of  the  ova  ("  ovary- 
kte");  and  the  male  sexual  plate,  lyingextemally  over  the 
mer,  and  which  is  a  product  of  the  skin-layer,  from  which 
ginates  the  teates-epithelium — the  mother  cells  of  the 
trm-threads  ("  teatcs-plate  ") ;  but  even  the  first  recog- 
able  rudiments  of  the  two  sexual  plates  appear,  indeed, 
intimately  associated  in  the  human  embryo  and  in  those 
the  higher  Vertebrates,  that  hitherto  they  have  been  re- 
rded  aa  a  single,  undifferentiat«d,  common  rudiment  of  an 
rui ;  and  it  is  still  possible  that  the  two  kinds  of  sexual 
,nds  aiise  by  secondary  diH'ercntiation  from  a  common 
Umeat. 
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Though  we  must  recognize  the  formation  of  il 
kinds  of  sexual  cells,  and  in  their  union  at  fertiliaJ 
the  one  essential  act  of  sexual  reproduction,  yet,  in  th 
majority  of  animals,  other  organs  exist  which  ah 
part  in  the  act  of  fertilization.  The  most  imporl 
these  secondary  sexual  organs  are  the  exit-ducts 
serve  to  conduct  the  mature  sexual  cells  out  of  the 
and,  next  to  these,  the  copulative  organs,  which  tz 
the  fertilizing  sperm  from  the  male  person  to  the 
in  which  the  eggs  are  situated.  These  latter  oigaii 
only  in  the  higher  animals  of  various  tribes,  and  are 
widely  distributed  than  the  exit-ducts.  Even  these 
however,  are  only  of  secondary  formation,  and  are  "w 
in  many  animals  of  the  lower  groups.  In  these,  as 
the  mature  sexual  cells  are  simply  ejected  from  th( 
In  some  cases  they  pass  out  directly  through  th( 
skin-covering  (as  in  the  Hydra  and  many  of  tl 
droidea) ;  in  other  cases,  they  enter  the  stomach- 
and  are  ejected  through  the  mouth-opening  (in  Gas 
Sponges,  and  other  Hydroid  Polypes  and  Coral  An 
in  yet  other  cases,  they  enter  the  body-cavit 
pass  out  through  a  special  aperture  in  the  ventr 
(j>oru8  genitalis).  The  latter  is  the  case  in  many 
and  even  in  a  few  lower  Vertebrates  (Cycloston 
a  few  Fishes).  These  indicate  the  earliest  condit 
this  matter  as  it  was  in  our  ancestors.  On  the 
hand,  in  all  higher,  and  most  lower  Vertebrates  (i 
in  most  higher  Invertebrates)  special  tube-shaped 
ducts  from  the  sexual  cells,  or  sexual  ducts  (gono 
are  present  in  both  sexes.  In  the  female  these  conv 
egg-ceUfi  out  from  the  ovaries,  and  hence  they  hav< 
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[g-dncts  (oviductua,  or  tubas  fallopifs).     In  tb^ 
t  these  tubes  convey  the  sperm-cells  from  the  teste 
lence  they  are  called  Bpenn-ducts  (apeiinadtictue,  o 
Uferentia). 

^  origina!,  genetic  condition   of   thcBO   two  outlet^ 
Wtf  the  same  in  Man  as  in  all  higher  Vertebrate 
Hi  most  Invertebrates   it  is  entirely  different ;  foi^ 
in  the  latter  the  sexual  ducts  develop  directly  from  ' 
xnaJ  glands,  or  from  the  external  skin,  or  from  the  in- 
il  canal,  in  Vertebrates  an  organ-ayatem  is  employed 
uveyance  of  the  sexual  products ;  one  which  origin-." 
[  a  very  different   signihcance   and  function — thclf 
^tem,  or  urinaiy  organs.  The  original,  primary  funo-l 
J  oi^ans  ia  simply  to  eliminate  useless  matter 
I  body  in  a  liquid  form.     The  liquid  product  of  this 
1  is  called  the  urine,  and  ia  discharged  either  directly  ■ 
jh  the  external  skin,  or  through  the  last  section  of  thaj 
Ine.     The  tube-shaped  "  urinary  ducts  "  only  aecond-J 
ibsorb  the  sexual  products  also  and  convey  them  outa 
;hu9  become  "  urogenital  ducts  "  {ductus  urogenitaiea)3 
emarkable  Becondary  combination  of  the  urinary  ano 
1  organs  into  a  common  "  urogenital  appar&tw 
1  system,"  is  highly  characteristic  of  the  highei 
In  the  lowest  of  these  it  ia,  however,  wanting, ' 
I  the  other  hand,  it  is  found  in  the  higher  Kinged 
^nTielida).    To  estimate  this  rightly,  we  must  first 
i  the  comparative  economy  of  the  urinaiy  organs 


kidney  system  or  urinary  system  (systema  uro- 

^  is  one  of  the  earliest  and  most  important  organ-^ 

k  the  differentiated  animal  body,  as  has  already; 
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been  incidentally  mentioned.  (Gf.  Chapter  XVH) 
found  almost  universally  distributed,  not  only  in  the  k 
animal  tribes,  but  even  in  the  more  primitive  Worn 
Among  the  latter  it  even  occurs  in  the  lowest  and 
imperfect  known  Worms — ^tho  Flat  Worms  {Plathdmk 
(Fig.  184*,  nc,  p.  80).  Although  these  accBlomatous  ^ 
have  no  body-cavity,  no  blood,  no  vascular  system 
always  have  a  kidney  system.  It  consists  of  a  p 
simple  or  of  branched  canals,  lined  by  a  layer  of  ceUs, 
absorb  useless  juices  from  the  tissues  and  dischaige 
through  an  external  skin-opening  (Fig.  184,  nm). 
only  the  free-living  Gliding  Worms  (Turbellaria),  b« 
the  parasitic  Sucking  Worms  {Trematodd),  and  ev< 
still  more  degraded  Tape  Worms,  which,  in  consec 
of  their  parasitic  habit  of  life,  have  lost  their  int 
canal,  are  all  provided  with  these  "  kidney  canals  "  or 
tive  kidneys.  Usually  these  canals  in  the  Worms  are 
excretory  oi^ans,  and  in  former  times  they  used  to  be 
water-vessels.  Phylogenetically  they  must  be  n^n 
highly-developed  pouch-like  skin-glands  resemblin 
sweat-glands  of  Mammals,  and,  like  these,  developed 
the  skin-sensory  layer.  (Cf  Fig.  210,  ti,  p.  198,  and  Fi 
p  202.) 

While  in  these  lowest  unsegmented  Worms  only  a 
pair  of  kidney  ducts  is  present,  in  the  higher  segm 
Worms  these  ducts  exist  in  greater  numbers.  In  B 
Worms  {Annelida),  in  which  the  body  is  composed 
great  number  of  segments,  or  mctamera,  a  pair  of 
primitive  kidneys  (hence  known  as  segmental  oi^gai 
canals)  exists  in  each  separate  segment.  In  this  case, 
the  canals  are  very  simple  tubes,  which,  on  account  of 
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J  or  looped  form,  are  called  "  coiled  canals."  To  the  ■ 
external  aperture  in  the  outer  skin,  originally 
e  present,  a  secondary,  internal  aperture  into  the  body- 
fity  {c<eloma)  ia  now  added  This  opening  is  provided 
vibratory  cilia,  and  is  thus  enabled  to  absorb  the 
retional  juices  bom  the  body-cavity  and  to  discharge 
1  from  the  body.  Now  in  these  Worms  also  the  sexual 
Ib,  which  develop  in  the  simplest  form  upon  the  inner 
rface  of  the  abdominal  wall,  pa.ss,  when  mature,  into  the 
iloED,  are  drawn  into  the  internal,  funnel-shaped  ciliated, 
mings  of  the  kidney  canals,  and  are  carried  ont  of  the 
■"fcody  with  the  urine.  Thus  the  urine-forming  "coiled 
«  «:anals,"  or  "  primitive  kidneys,"  serve,  in  the  female  Ringed 
•"TJ^orms,  as  "oviducts,"  and,  in  the  male,  as  "  sperm -duets." 
r:  It  would   of  course  he  most  interesting  to  know  the 

:'  condition,  on  this  point,  of  the  Amphioxus,  which,  standing 
jiiidway  between  Worms  and  Vertebrates,  affords  us  so 
much  valuable  information.  Unfortunately  this  animal, 
fur  the  present,  affords  no  solution  of  this  matter.  At 
present  we  know  nothing  certainly  as  to  the  relation 
li'tween  the  urinary  and  the  sexual  organs  of  the  Amphi- 
I  oxua.  Some  zoologists  assert  that  this  animal  has  no 
hadneys ;  others  regard  the  two  long  "  side  canals "  as 
wphied  primitive  kidney  ducts  (Fig.  152,  S,  vol  i  p.  423}  ; 
t  others  consider  certain  glandular  epidermis-swellings  on 
«  inner  surface  of  the  gill-cavity  to  be  rudimentary  kidneys. 
Mt  probably,  a  great  reversion  has  affected  the  original 
primitive  kidney  canals  in  the  Amphioxus,  amounting  per- 
haps to  their  entire  phylogenetic  loss. 

Very  interesting  inferences   may   be   drawn  from   tha 
Vertebrates  of  the  next  stage — the  Monorhina,  or  Cycles- 
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toma    Althongh  both  ordeis  of  this  class the  Myx 

as  weU  as  the  Petromyzontos— posHCBB  developed, 
secreting  kidneys,  these  organs  do  not  in  this  case  i 
carry  away  the  sexual  cells.  These  cells  pass  direct 
the  germ-glands  into  the  ccrfom,  and  »re  dischaiied  I 
a  posterior  aperture  in  the  abdomen.  The  condition 
primitive  kidneys  in  these  is,  however,  very  intei«iti 
throws  light  on  the  complex 
structure  of  the  higher  Vert 
In  the  first  place,  in  the 
noides  ^BdelhatoTna)  we  find 
tube,  the  primitive  kidne; 
(protureter.  Fig.  317,  o),  o 
side.  This  opens  internal] 
theccelom  through  a  ciliated 
shaped  aperture  (as  in 
Worms) ;  it  opens  externally  t 
an  opening  in  the  outer  si 
great  number  of  small  hoi 
tubes  ("  segmental  canals,"  oi 

Fio.  817.—/.  Portion  of  kidne? 
lostoma:  o,  primitire  kidney  daat 
reter);  b,  segmantil  Oknals,  or  ) 
nrine  can&ls    ('ubult    urim/Bri) ;     c, 

veHialea    {capiula    Malphigiana) 

tion  ot  the  same,  mach  ontarged  :  c, 
veaiclo,  with  the  ijlomerulua  ;  d,  app: 
artery ;  e,  retroating  artery.  (After  J 
Miiller.) 

tive   urine   tubes)   open  on  its  inner  side.     Each  oi 
terminates  in  a  blind,  vesicular  capsule  (c)  endo 
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i,:^^jwiiii  of  tlood-vessels  (glomerulus,  an  arteriaj  net,  Fig. 
^^\T,B,c).  Afferent  arterial  branches  (vasa  afferentia)  con- 
^^Jy  arterial  blood  into  the  coiled  brancbes  of  the  "glome- 
"l/Inis"  id),  aud  efferent  arterial  branches  iyaea  efferentia) 
.    gkUt  carry  it  out  of  the  (flomer^diis  («). 

I     In  Primitive  Fishes  {Stlackii}  also  there  is  a  longitudi- 
nal series  of  segmental  canals,  which  open  outwardly   in 
Tie  primitive  kidney  ducts.     The  segmental  canals  (a  pair 
II  each  metameroQ  of  the  central  part  of  the  body)  open,  in 
■  ]  1  is  case,  freely  into  the  body-cavity,  through  a  ciliated 
'  1 1  i.mel  (as  in  Ringed  Worms,  or  Annelida).     Apart  of  this 
■  vg&n  forms  a  compact  primitive  kidney,  while  the  rest  is 
iiiployed  in  the  formation  of  the  sexual  organs. 

Tile  primitive  kidney  in  the  embryo  of  Man  and  in  that 
iif  all  other  Skulled  Animals  (Craniola)  is  first  formed  in 
the  same  simple  shape  which  persists  throughout  life  in 
Myxinoides,  and  partly  in  Sclachii.  We  found  this  primi- 
I  jve  organ  in  the  human  embryo  at  that  early  period  just 
succeeding  the  separation  in  tlie  skin-sensory  layer,  of  tha 
uieduUary  tube  from  the  hom-plate,  and  the  differentiation, 
in  the  skin-fibroua  layer,  of  the  notochord,  the  primitivo 
^••■rt«b^aI  plate,  and  the  skin-muscle  plate.  As  the  first 
:  ij'limont  of  the  primordial  kidneys,  a  long  thin,  thread-like 
~tring  of  cells,  which  is  soon  hollowed  out  into  a  canal, 
appears  in  this  case,  on  each  aide,  immediately  below  the 
horu'plute;  this  extends  in  a  straight  line  from  front  to 
back,  and  is  plainly  seen  in  the  cross  section  of  the  embiyo 
(Fig.  318)  in  its  original  position  in  the  space  between  the 
liom-plate  (/>),  the  primitive  vertebrEe  (uw),  and  the  skin- 
muscle  plate  (kpl).  The  first  origin  of  this  primitive 
kidnvy  duct  is  still  a  matter  of  dispute,  some  ontwenista 
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referring  it  to  the  hora-plate,  others  to  the  primitiYe 
tebral  plate,  and  yet  others  to  the  skin-muscle  plate, 
bably  its  earliest  (phylogenetic)  origin  is  to  be  found  bl 
skin-sensory  layer;    but  it  very  soon  quits  its  su] 


C*  <Mt  •• 


^'        W/ 


Fig.  818. — Trans vorso  flection  throagh  the  embryo  of  a 
second  day  of  incubation  :  h,  hom-plate  ;  m,  mednllarjr  tabe ;  mrng, 
kidney  doct ;  ch^  notochord ;  uw^  primitive  Yortebral  oord ;  hpl,  A» 
fibn)aB  layer;  <?/,  in  tent  inal -fibrous  layer;  mp,  mesenteiy-plato, 
plate  (point  of  attachment  of  the  two  fibrous  layers)  •  #p,  hodf-CKiiP 
{roRlnma);  CM,  primitive  aorta;  dd,  intestinal-glandular  lAjer.  (Abs 
Kollikor.) 

position,  passes  inward,  between  the  primitive  vertetal 
plates  and  the  side  plates,  and  finally  lies  upon  the  inner 
surface  of  the  body-cAvity.  (Cf.  Figs.  66-69,  u,  voL  i.  p.  277. 
and  Figs.  95-98,  p.  319;  also  Plate  IV.  Figs.  3-6,  tt.)  While 
the  primitive  kidney  duct  is  thus  making  its  way  inward, 
on  its  inner  and  under  side  appear  a  large  number  of  small 
horizontal  tubes  (Fig.  319,  a),  exactly  corresponding  to  th*- 
segmental  canals  of  the  Myxinoides  (Fig.  317,  6).  Like  the 
latter,  these  are,  probably,  originally  protuberances  of  the 
primitive  kidney  ducts  (Fig.  316,  u).  At  the  blind,  inner 
end  of  each  of  the  primitive  urinary  tubes  an  arterial 
glomerulus  is  formed,  which  grows  into  this  blind  end 
from  within,  forming  a  "vascular  coiL"  The  glomerula^^ 
to  a  certain  extent  expands  the  bladder-like  blind  end 
of  the  small  urinary  tubes.    As  the  primitive  urinary  tubes, 
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are,  at  first,  very   short,  grow  longer  and  broa'ler, 
of  the  two  primitive  kidneya  assumes  the  form  of 
^  Hi-pinpate  leaf  (Fig.  320).     The  urinary  tubes  (u)  repre. 


Ftn.  819. — Kndimpntarj  primitiyo  kidney  of  cmbryonio  Dng.    Tbe  p 

r  porlioQ  of  tlie  bod;'  of  tho  embiyo  ii  eecn  fmoi  the  ventral  lidc^ 

d  by  tbe  inteBtiiiBl  lajer  of  the  ;e]lc-isc,  ittiioh  baa  beea  torn  awHj', 

m  boolc  in  front  id  order  Eo  Bhow  the  primitive  kiilncj  dncM  yi 

itire  kidne;  tubes  (a)  :  b,  prioiitive  vertebrn):  e,  dorsal  liiediill>| 

e  into  tbe  peWio  inteitiniJ  cftrity.     (Alter  Biscboff.) 

I.  820. — PrimiUve  ki'dnpy  of  a  hmnan  omliryo:  u,  the  orine-tnbeB  d 

mitiTe  kidney  t  «•  WoltBan  dncti  id',  upper  end  of  the  Inl.ler  (Hon 

jsl'i  hydatid)  1  in.  MUllerinn  dact ;  m',  npper  end  of  the  latter  (Fallopial 

hydatid}  1  g,  hermaphrodite  gUod.    (Afiar  Kobelt.) 

Bent  the  tissue  and  the  primitive  kidney  duct  (w)  th( 
mid-rib.  On  tbe  inner  margin  of  the  primitive  kidney  th( 
ruditnent  of   tbe    hermaphrodite    sexual    gland    alreadj 
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appears  as  a  body  of  considerable  size.     The  posteriori 
of  the  primitive  kidney  duct  opens  into  the  lower 
of  the  last  section  of  the  rectum,  so  that  this  oigan 
a  cloaca.     But  this  opening  of  the  primitive  kidney 
into  the  intestinal  canal  must  be  regarded,  phyl< 
as  a  secondary  condition.    Originally,  as  is  indicated 
in  the  Cyclostoma,  they  issued  through  the  external 
minal  skin,  quite  independently  of  the  intestinal  caDsl,tti| 
proving  their  early  phylogenetic  origin  firom  the  horn-pill^  ^ 
as  outer  skin  glands. 

While  in  the  Myxinoides  the  primitive  kidneys  po- 
manently  retain  this  simple  form,  as  they  do  partiallf  b 
Primitive  Fishes  (Selachii),  in  all  other  Craniota  it  appein 
only  temporally  in  the  embryo,  as  the  ontogenetic  repro- 
duction of  the  primordial  phylogenetic  condition.  In  the* 
Skulled  Animals  the  primitive  kidney,  by  vigorous  growth, 
increases  in  length,  and  by  the  increase  in  number  and  tlte 
coiling  of  the  urinary  tubes,  very  soon  assumes  the  form  of 
a  large  compact  gland,  of  oblong,  oval,  or  spindle-shaped 
form,  which  extends  longitudinally  through  the  greater 
part  of  the  body-cavity  {codoma)  of  the  embryo  (Figs.  12S,in» 
124;, m,  voL  i.  p.  370).  In  this  case,  it  lies  near  the  middle  line, 
directly  under  the  primitive  vertebral  column,  and  extends 
from  the  region  of  the  heart  to  the  cloaca.  The  right  and 
Icfb  primitive  kidneys  lie  parallel  and  dose  together,  being 
separated  only  by  the  mesentery,  that  narrow,  thin  lamella 
which  connects  the  central  intestine  with  the  lower  sor&oe 
of  the  primitive  vertebral  column.  The  excretory  duct  rf 
each  primitive  kidney,  the  protureter,  traverses  the  lower 
and  outer  side  of  the  gland  in  a  posterior  direction,  and 
opens  into  the  cloaca,  close  to  the  root  of  the  aUantois;  at 
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r  period,  it  opens  into  the  allantois  itself  (Fig.  136,  o, 
L  p.  381). 

!he  primitive  kidney  (primordial  kidney)  in  the  embryo 
niota  waa  formerly  called  the  "  Wolffian  body,"  olao 
Okeniau  body."  In  all  cases  it  acta  for  a  time  as  a 
Kidney,  draining  and  secreting  the  useleaa  fluids  of  the 
H)nic  body,  and  dischai^ing  them  into  tbo  cloaca  and 
1  into  the  allantois.  The  "primitive  urine  "  collects  in 
3ie  latter  organ,  and  hence  the  allantois  in  the  embryo  of 
uan  and  of  the  other  Aniniota  acts  as  a  real  urinary  bladder, 
»r  "  primitive  urinary  sac ; "  yet  it  is  in  no  way  giineti- 
yilly  connected  with  the  primitive  kidneys,  but  is  raUier, 
ts  we  have  already  seen,  a  pouch-like  protuberance  of  the  an- 
ierior  wall  of  the  terminal  intestine  (Fig.  135,  u,  vol.  L  p.  380), 
Che  allantois  is,  therefore,  a  product  of  the  intestinal  layer, 
irhile  the  primitive  kidneys  are  a  product  of  the  skin- 
ayer.  Phylogenetlcally  we  must  conceive  that  the  allan- 
»is  originated  as  a  pouch-shaped  protuberance  of  the 
doacal  wall  resulting  from  the  distension  caused  by  the 
collection  in  the  cloaca  of  the  primitive  urine  secreted 
by  the  primordial  kidneys.  It  ia,  originally,  a.  blind  sac 
belonging  to  the  rectum  (Plate  V.  Fig.  15,  hb).  The  true 
urinary  bladder  of  Vertebrates,  evidently,  first  appeared  in 
T}ipneusta  (in  the  Lepidoslrcn),  and  was  thence  transmitted, 
tirat  to  the  Amphibia,  and  then  to  the  Amniota.  In  the 
embryo  of  tlie  latter  it  protrudes  far  out  of  the  yet  unclosed 
abduminal  wall  Many  Fishes,  indeed,  also  possess  s  so- 
called  urinary  bladder.  But  this  is  merely  a  local  disten- 
tion in  the  lower  section  of  the  primitive  kidney  ducta 
Bnd  hence,  both  in  origin  and  in  constitution,  is  ea^entially 
distinct  from  the  true  urinary  bladder.    The  two  structures 
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are  only  physiologically  comparable ;  they  an,  thi 
analogous,  as  having  the  same  function;  morpholi^ 
however,  they  are  not  to  be  compared,  or  are  not ) 
logous.^  The  fedse  urinary  bladder  in  Fishes  ii  i 
duct  of  the  primitive  kidney  duct,  therefore  of  the 
layer;  the  true  urinary  bladder  in  Dipneusta,  k 
bia,  and  Amniota  is,  on  the  contrary,  a  blind-sac  ( 
terminal  intestine,  and  hence  a  product  of  the  int< 
layer. 

In  all  low  Skulled  Animals  {Graniota),  without  i 
(in  Cydostoma,  Fishes,  Dipneusta,  and  Amphihii 
urinary  organs  remain  in  an  inferior  stage  of  develo 
in  so  far  as  the  primitive  kidneys  (protonephra)^ 
much  modified,  here  act  permanently  as  urine-se 
glands.  In  the  three  higher  vertebrate  classes,  inck 
the  term  Amnion  Animals,  on  the  contrary,  this  is  t 
only  for  a  short  period  during  early  embryonic  life 
permanent,  or  secondary  kidneys  (renea,  or  metan 
which  are  peculiar  to  these  three  classes,  are  ver] 
developed.  These  originate,  not  (as  was  long  belie 
the  authority  of  Remak)  as  entirely  new,  indep 
glands  of  the  intestinal  tube,  but  from  the  posterior 
of  the  primitive  kidney  duct  (protureter).  From  the 
near  where  it  opens  into  the  cloaca,  a  simple  pouc 
secondary  kidney  duct — ^grows  out,  and  this  increase 
siderably  in  length  forwards;  from  the  blind,  upj 
anterior  portion  of  this  the  permanent  kidney  orig 
precisely  as  the  primitive  kidney  originates  from  tl 
mitive  kidney  duct.  The  secondary  kidney  duct  giv( 
to  a  number  of  small  blind  tubes — ^the  secondary  u 
tubes  —  and    the    blind    capsule-shaped    ends    of 
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£^.  -^    occupied   by  vascular  coils   {glmneruii).    The  ftirther 
.  •■^vth  of  these  tubes  results  in  the   compact  secondary 
Dey,  wliich,  in  Man  and  most  higher  Mammals,  acquirea 
I  well-known  bean-liko  form ;   in  the  lower  Mammalia, 
Pirde  and  in  Kcptilos,  on  the  other  hand,  it  is  eeparated 
I  several  lobea.      The   lower,  or  posterior  part   of  tho 
lanent  kidney  duct  retains  the  form  of  a  aimple  canal, 
Bens,  and  thus  fonns  the  permanent  urine  duct  (v/reter). 
I  first  this  canal,  yet  united  with  the  last  section  of  tlie 
litive  kidney  duct,  discharges   into  the   cloaca ;    at  a 
r  period,  it  separatea  from  the  primitive  kidney  duct, 
^uid  yet  later  from  the  rectum,  and  then  it  discharges  into 
^lie   pennanent  urinary  bladder  {vem^ca  urinaria).     The 
^ivtter  originates  from  the  posterior,  or  lower  part   of  the 
**t»lk  of  the  allantoia  (urachua),  which  widens  and  becomes 
>*puidle-3haped  before  opening  into  the  cloaca.    The  anterior, 
or   upper  part  of  the  allantoia-stalk,  which  passes  in  the 
abdominal  wall   of  the   embryo   to  the   navel,  aftenvards 
disappears,  a  useless  cord-shaped  remnant  alone  remaining 
a.5  a  rudimentary  organ :  this  ia  the  single  urinary-bladdei 
navel-cord   (Uffamentum  veeico-umbilicale  ^netlium).      On 
the  right  and  left  of  this,  in  the  adult  Man,  there  are  two 
other  rudimentary  organs :  the  lateral  urinary-bladder  navel- 
cords  {UyameiUa  feeico-wmhiliMlia  lateralUt).     These  are 
the  obsolete  cord-like  remnant  of  the  former  navel-arteries 
(artcritc  umbilindes,  vol.  i.  p.  400;  Fig.  320.  a). 

Although  in  Man,  as  in  all  other  Anmiou  Animals,  the 
jirimitive  kidneys  ai^e  thus  very  early  ditiplaced  by  the 
i-econdary  kidneys,  and  although  the  latter  alone  afterwards 
act  oe,  urinary  organs,  Uie  former  are  not,  however,  alto- 
l^ther  discarded.  Indeed,  the  primitive  kidney  ducts  acquire 
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a  high  physiological  significanoe,  as  tliey  modify  it 
cretoiy  ducta  of  the  eexual  ^aiid&  In  all  Amphiiii 
Gnathoetomi — therefore  in  all  Tertebrates  from  YA 
to  Man — at  a  very  early  period,  a  second  nmilir 
appears  in  the  emhiyo  at  the  side  of  each  primitive  k 
ducL  This  canal  is  commonly  called,  after  it«  disev 
Johannes  Miiller,  "  Milller's  duct "  (duetus  MoUai), 
the  cariicr,  primitive  kidney  duct  is  distinguished  ■ 
"  Wolffian  duct "  {ductu*  Wtl^i).  The  actual  oii| 
Miillcr'a  duct  is  still  undetermined ;  Comparative  Am 
and  Ontogeny  seem,  however,  to  indicate  that  it  pn 
by  differentiation  from  the  Wolffian  duct.  It  is,  piol 
most  correct  to  say,  that  the  original  (primary)  prii 
kidney  duct  breaks  up  by  differentiation  (or  fis^os 
two  sccondaiy,  similar  ducts ;  these  are  the  Wolffii 


Fio.  321. — PrimitiTB  kidoeTs  and  mdimcDti  of  the  wmBl  org&na 
IS,  of  Amphibia  (frog  larrn)  ;  A,  earlier,  B,  later  condition.  G,  of 
vatl  (cmbr;o  of  Oi)  i  u,  primitiTe  kidDej*  ;  k,  wxaal  flanda  (cndii 
lestea  aod  OTkrieB).  The  primArj  primitiTe  kidney  dnct  (iiy  in 
Hepanitei  (in  B  and  C)  into  the  two  teoonduy  primitive  kidnej  do 
MiiUeriui  dact  (m)  and  the  Wolffian  dDct  (juf'),  which  nuita  bebin 
genital  oord  (ff);  I|  gKrin*<N>rd  of  the  primitive  kidneya.  (After  G«g 
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[Ullerian  ducts.     The  latter  (Fig.  320,  w)  lies  imnis<< 

f  inside  the  former   (Fig.  320  m}.    Both  open  ] 

y  into  the  cloaca. 

>scure  and  uncertain  as 

oiigin  of  the  MiiUerian 

'olffian  ducts,  their  later 

f  is  clear  and  definite. 

Double-nost rilled  (jIth- 

na)   and  Jaw-mouthed 

kostomi)    animals,  from 

live  Fishes  up  to  Man, 

olffian  duct  becomes  the 

uct,  and  the   Miillerian 

the   oviduct.     In   each 

[\y  one  of  these  is  per- 


.  SS2, 323.— Urinarr  and  seiml 
r  an  AmphibiBD  (Water- Newt, 
m).    Fig.    8Z2   (A),    femole : 


I  (H).  n 


■,  pnni] 


,  oruy ;  od,  eg){-([not  nnd 
I  duot,  both  formed  from  the 
n  duct;  u,  primitiTe  nrinoiy 
Iting,  in  mm,  bIbo  ns  teed. 
I — opening  below  into  WolfTg 

)  J  HM,  OTiUT-BiBHBnlcry  (nxf. 
L    litinr  Qesentiniir.) 

H 

^■be  other  entirely  diaappenrs,  or  leaves  only  a  I 
I^Bs  a  rudimentary  organ.  In  the  male  sex,  in  J 
the  two  WuifKan  ducts  become  sperm-ducts,  certaial 
mta  of  the  Miillerian  duet  are  often  found,  whiclil 
1  call  "  Rathke's  canals  "  (Fig.  323,  c).  In  the  femalaj 
fhcre,  on    the   contrary,  the    two   Miillerian   ducta 


Tsat.  3£4~S£6.— TTrinarf  aud  aomtA  uigsiu  of  nn 
324,  of  female  embiTO  of  IJ  mcb  iu  length ;   Fig.  3S6,  of 
of  H  inohea  in  iBOgtli*  Tig.  S26.  of  female  embryo  of  2^  ia«be«  tn ' 
IV,  pruuiiiva  kidne;  i  wg,  Wolff's  dact ;  m,  Miiller'a  dnot ;  oi',  ttppat 
be  latter  (opened   Bl  I);  i,  loirer  thickened  oud  of  the   tan 
of  utent)  I  g,  K^Dital  cord ;   k,  teatea   {h',   lower,  V,  upper 
0,  OTSTj  I    d',  lower  ovaiy-ooH :    >',  groiu-oord  of   Iho   primitfrB 
d,  diaphmiipn-oord  of  the  piimitire  hidnejr ;  %  perounciit  kidneja 
tlieee  (ha  S-shaped  nrin^uot ;   twtwem  the  two  the  rectuiu)  i 
bladder;  a,  natel-vtcry.    (AFl«r  EAIliker.) 

The  most  interesting  fkcTja  in  reference  to  this  i 
able  development  of  the  primitive  kidney  ducts  and 
union  with  the  sexual  glands  are  exhibited  in  Amj 
(Figs.  321-323).  The  first  rudiment  of  the  primitive  h 
ducts  and   their  ditlerentiation   into    the    MiUlt^ian 
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lan  ducts  is  identical  in  both  sexes,  aa  is  the  caso  k 
mliryos  of  Mammals  (Fig.  321,  C,  Fig.  32*).     In  thttl 
B  Amphibia  the  Mullerian  duct  on  each  side  develops 
I  largo  ovary  (Fig.  322,  od),  while  the  WoifEan  duct  acts 
inently  as  a  urinary  duct  (it).     In  tlie  mate,  on  the 
iry-,  the  Mullerian  duct  pei-sists  only  as  a  rudimentary 
I,  without   functional   significanco,  as  Rathke's  canal 
323,  c) ;  the  Woltiian  duct  serves,  in  this  case  also,  as  a  J 
ry  duct,  but  also  as  a  sijeim  or  seed  duct,  the  semic 
((■«)  from  the  testes  (()  entering  the  upper  jmrt  of  the^ 
live  kidneys,  and  there  uniting  with  the  urinary  canals. 
I  Mammals  these  conditions,  persbtent  in  Amphibia,  are 
iy  traversed  by  tiie  embryo  in  an  early  period  of  ita  , 
Dpment  (Fig.  321,  (T).    The  primitive  kidneys,  which;! 
Q-anmionate  Vertebrates  persist  throughout  life  as  thea 
-secretory    organ,  are   superseded    by  the    secondary 
ya.     The  actual  primitive  kidneys  disappear  almost 
Iy  in  the  embryo  at  an  early  period,  leaving  but  small 
In   the   male   Mammal    the   supplementary   testis  J 
/mis)  develops  from  the  upper  part  of  the  primitiveil 
■.  ,  in  the  female  the  same  part  gives  rise  to  a  useless^ 
lentary  organ,  the  supplementary  ovary  (jTarovarium). 
I  the  female  Mammal  the  Miillerian  ducts  undergo  very 
lerable  changes.     The  actual  ovaries  develop  only  from  i 
per  part ;  the  lower  pait  widens  out  into  a  spindle- 
d  pouch,  with  a  thick,  fleshy  wall,  within  which  thtr 
zed  egg  develops  into  the  embryo.     This  pouch  is  the 
I    {uterus).      At    first    the   two  uteri  are    perfectly 
Ao,  and  open  on  each  side  of  the  luine-bladder  (nt) 
the  cloaca,   as   is  yet  permanently   the   case  in   th< 
I  living  Mammals,  tlio  Beaked  Animals  {Oi'Tt  lfkostoma)a 
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l>ut  even  in  Pouched  Animab  (Marsupialia)  a  t 
forms  between  the  two  Miillerian  ducts,  and  in 
Animals  they  coalesce  below  with  the  rudimentai] 

ducts,  foiming  with  theo 
^sexual  cord"  (funicui 
talui).  But  the  origiiud 
dence  of  the  two  pait 
nt«ru8,  and  of  the  tw( 
canals  which  proceed  oui 
lower  extremities,  persistf 
lower  Placental  Awimda, 
the  higher  members  of ' 
group,  these  organs  ] 
coalesce  to  form  one  sinj 
Pia.  827.— Female   ewnai  The    process    of    coalesc 

uiganB  of  a  Beaked  Animal  yances  steadily  from  I 
^yOmithorJiunchuSf    Figs.     195,    ^  i    -i  •    jx  , 

196):  0,  ovariee;  t,  oviduct;  "^°^  behind)  upwards 
tt,  uterus ;  sug^  urinary  sexual  wards).  While  in  many 
cavity  (»n,M«r<,i,.n««l«),  the  Animals  (i2odc»i<ta.  e.o.,  I 

two  parts  of  the  uterus  open  ^  ^  '    <^ ' 

into  this  at  u' :  el,  doaoa.  Squirrels)  two  Separate  I 
(After  Gegcnbaur.)  j^^^^  ^^e  vagina  canal  ^ 

already  become  simple,  in  other  Gnawing  Animal 
in  Beasts  of  Prey,  Whales,  and  Hoofed  Animals  (C 
the  lower  halves  of  the  two  uteri  are  already  c 
their  upper  halves  (the  so-called  homs^  "cormui")  i 
distinct  ("  uterus  biccnmia  ").  In  Bats  and  Semi-a 
upper  horns  are  very  short,  while  the  unified  lo 
becomes  longer.  Finally,  in  Apes,  as  in  Man,  the 
of  the  two  parts  is  complete,  one  simple  pear-shape 
pouch  alone  remaining,  and  into  this  the  oviducts 
each  side. 
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1  the  male  Mammal  also,  a  similar  coalescence  of  t 
■  portion  of  the  Miillorian  and  Wolffian  ducts  takei 

In  tbis  case  also,  these  ducts  form  a  single 
'  (Fig.  325,  g),  which  likewise  opens  into  the  origini 
ry  sexual  cavity  (siiiua  urogenitals),  whicli  develop! 
the  lower  part  of  the   nrinary   bladder   (y).     Whiles 
ver,  in  the  male  Mammal  the  Wolffian  ducts  develi^ 
the  permanent  sperm-ducts,  only  very  alight  traces  ( 
luUerian  ducts  remain  as  rudimentary  organs.     Thi 
i-emarkahle  of  tliese   is  the   "  male   utenis "   (it/cnwfl 
iHnus),  which  originates  from  the  lowest,  coalescent 
m  of  the  Mullei'ian  ducts,  aud  which  is  homologous 
the  female   uterus.      It  forms  a  small   flask-shaped 
e,  entirely  without  physiological    signilicance,  whicttJ 
into  tlie  urinaiy  tubes  between  the  two  sperm-duet 
lie  prostatic  lobes  {vesicula  2>T0ata(ica). 
ae  internal  sexual  organa  in  Mammals  undergo  veiyj 
iar  inodihcations  in  point  of  position.     At  first  1 
glands,  in  botli  sexes,  lie  deep  down   in  the  ventra 
^  on  the  inner  side  of  the  primitive  kidneys  (Figa,,! 
I,  321,  k),  attached  to  the  vertebral  coluimi  by  a  short  | 
itery  (in  the  male,  the  ineaorchium;   in  the  female, 
anum).    It  is  only,  however,  in  Monotremes  that  this 
al  position  of  the  germ-glands  is  (as  in  lower  Verte-  . 
«s)  permanent.     In  all  other  llammals  (Marsupials 
la  Placentala)  these  glands  quit  their  place  of  origin  4 
i&ke  their  way  more  or  less  downward  (or  towards  the 
ior  extremity),  following  the  course  of  a  cord  which 
is  from  the  primitive  kidney  to  the  groin  region  of 
xlominal  wall.     This  is  the  groin-«ord  of  the  primitive  J 
y,  in  the  male,  the  "  Hunterian  guiding-coi-d" 
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■naculum  teetis)  (Fig.  328,  Jf ,  gk);  mibe  female,  tbe  ni 
Titenis-copd  (Fig.  328,  F.r).  In  the  latter  the  im 
migrate  more  or  leas  in  the  direction  of  the  small  pdqi 


Fio.  32B,  If. 


Tia,  SZa,  F. 


Fio.  3S8. — Original  poaition  of  the  semi  gland*  in  tbe  abdcmdnalw 
of  the  hnman  embrjo  (of  three  moDtbB).  Fig.  328,'If,  Di(de(iutni»l  * 
h,  testis;  gh,  the  oondDctiDg-cord  of  the  testis;  V13,  Boed-dnct;  b,  nri 
bladder;  iih,  loircr  boUaw  vein  (uena  cava)}  nn,  sappleaieiitaiy  kida 
n,  kidneys.  Fig.  328  F,  female  (loiiiewhat  enlarged) :  r,  round  ntent- 
(below  this  the  urine-bladder,  abore  it  the  ovaiy);  r',  Udnej;  1, 
plementary  kidne;;  c,  bliad-iiitcatine  (eontm);  0,  aniBU  net;  om,  1 
net  (betireen  the  two  is  the  etomaoh) ;  I,  spleen.    (Aftai:  KAlliker.) 

even  enter  this.  In  the  male  the  testis  quite  the  aibdon 
cavity  altogether,  passing  through  the  groin-oanal, 
enters  a  sac-shaped,  distended  fold  of  the  external  si 
covering.  The  coalescence  of  the  right  and  left  £ 
("  sexual  folds  ")  gives  rise  to  the  testia-sac  (dcrotum).  ' 
various  Mammals  exhibit  the  various  stages  of  this  mi] 
tion.  In  the  Elephant  and  in  Whales  the  testes  deec 
very  little,  and  lie  below  the  kidneys.  In  many  Onan 
Animals  (Bodentia)  and  Beasts  of  Prey  (Cairrutria)  t 
enter  the  groin-canal.  In  most  higher  Mammals  they  ] 
dovn  through  this  into  the  testis-sac ;  vsaally  the  wall 
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.  coakscc.      Wlien,  however,   this  remains 

l^^tfietOBtflBafe  ahle  to  descend  periodically  (in  the  loittiug 

ib)  into  the  tesUs-sac,  retuiTiing  again  into  the  abdo- 

ca-vity  {e.g.,  in  Pouched   Animals   or  Maraupialla, 

awing  Animalj,  Bats,  etc.). 

Another  pectdiarity  of  MammalR  is  the  formation  of  the 

^^-■temal  sexual  organs  which,  as  copulative  organs,  ser\-e 
J^*  caiTy  the  fertilizing  sperm  from  the  male  into  the 
'^inale  oi'ganiam  in  the  act  of  copulation.  Organs  of  this 
^*^^rt  are  altogether  wanting  in  most  lower  Vertebrates,  In 
^*Viose  which  are  aquatic  (e.y.,  Acrania,  Cyclostoma,  and  moat 
■^^ishes)  the  eggs  and  sperm  are  simply  diachai^d  into  the 
^Vater,  and  their  coming  together  is  tlie  result  of  some  lucky 
^^Ccidcnt  which  in  this  way  brings  about  impregnation.  On 
^■■w  other  hand,  in  many  Fialies  and  Amphibia  which  bring. 
^H|rth  their  young  alive,  there  is  a  direct  transfer  of  the 
^^Berm  from  the  male  to  the  female  organism ;  and  this  is 
^^pe  case  in  all  Amniota  (Eeptilcs,  Birds,  and  Mammals).  In 
^^■ese  animals  the  uiinaiy  and  genital  organs  always  open 
^^^Kinally  into  the  lower  part  of  tlie  rectum,  which  thus 
^^^HDS  a  "  cloaca  "  (p.  345) ;  but  among  Mammals  the  cloaca 
^^Bpermanent  only  in  tlie  Beaked  Animals  (prnithostimm), 
^^Rlidi  have,  on  this  account,  been  called  Cloacal  Animals 
^HVoTiod'ema,  Fig.  327,  cf^.  lu  all  other  Mammals  a  lateral 
^^Mrtition  wall  develops  in  the  cloaca  (in  the  human  embryo 
^Hbont  the  middle  of  the  third  month),  by  which  the  latter 
^^K  sepaittted  into  two  cavities.  The  urinary  sexual  canal 
^^nasea  into  the  anterior  cavity  (uinve  urogenilalia).  and  it 
^^p  through  this  cavity  alone  that  the  urinaiy  and  sexual 
^^products  ai'Q  discharged,  while  the  '-  anal  cavity,"  which  liea< 
^^Behind  it,  serves  merely  to  eject  the  excrement  tlux)ugh  tha 
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anufl.  Even  before  the  appearance  of  this  partitim,! 
Pouched  Animals  (MarsupicUia)  and  Placental  Anin 
conical  papilla — the  sexual  protuberance  (phallus,  Yi^ 
A,  e,  3i,e) — risea  on  the  anterior  part  of  the  circnmfbffl 


Flo.  329. — Eitemol  Eenul  organs  of  the  human  (?mbT70  :  A 
germ  (in  the  eighth  irsek ;  twice  the  natural  size ;  with  cloaaa) ;  1 
germ  (in  the  ninth  week ;  tirjce  the  nalmrBl  aiie ;  anm  dietinot 
nrog«nital  opemog) ;  C,  female  germ  in  the  elerenth  week ;  D,  ir 
in  the  fourteenth  week;  «,  seioal  protaberance  (pAatlus);  /,  esxnt 
hi,  sexnal  folds ;  r,  Baphe  (point  of  nnion  of  the  penis  and  I 
a,  aaaa;  vg,  urinary  ieiual  opening;  n,  navel-oord]  f,  taiL  (Atbt 
Cf.  Table  XHV.,  p.  431. 


the  cloaca-opening.  The  apex  of  this  is  swollen  into 
(the  "  acorn,"  glans).  On  the  under  side  appears  a 
(aulcnts  genitalis,  f),  and  on  each  aide  of  the  latter 
fold,  or  sexual  fold  (Id).  The  phallus  is  esjiecially  th 
of  the  "  sexual  sense,"  and  over  it  are  distributed  the 


FALSE    HEKMAPHRODITISM. 

!S  (nervi  jjwrfcndi)  which  are  especially  conceraod  i 
icing  the  sexual  sensations  (p,  238).     In  the  male  t 
aa  devolopa  into  tlie  masculine  "  penis  "  (Fig.  329,  D,  e) ; 
B  female  it  becomea  the  much  smaller  "  clitoris  "  (Fig. 
C,  e) ;  only  in  some  Apes  {Attles)  does  this  become  un^g 
iy   large.      The    "fove-skin"    {pi-aputiwm),   in   botj 
,  also  develops  as  a  akin-fold  from  the  anterior  part  ( 
ircumference  of  the  phallus.    In  the  male  sexual  furrow 
lower    side    of  the    phallua   receives    the   urogenital 
.,  and,  as  a  continuation  of  the  latter,  modi6es,  by  the 
scenee  of  its  two  parallel  edges,  into  a  closed  canal— 
nalo  urinary  tube  {wreth^'a).    In  the  female  this 
in  a  few  instances  (in  some  Semi-apes,  Gnawing  Animal 
ident'm,  and  Moles) ;  as  a  rule  the  sexual  furrow  remains 
and  its  edges  are  developed  into  the  labia  Tninortt. 
labia  majora  of  the  female  develops  from   the  twofl 
lei  skin-folda  which  appear  on  each  side  of  the  .' 
w.     In  the  male  these  last  folds  coalesce,  forming  i 
d    sac,    the    teatis-sac    {scrotum).      Occasionally   thi 
scenee  does  not  take  place,  and  the  sexual  fun-ow  a 
times  remains  open  {k-ifpospadia).    In  these  cases  t 
-nal  male  genitaUa  resemble  the  female,  and  this  ph( 
tnon    has   often   been  mistaken  for  heimaphroditu 
ido-hermaphroditism)."' 
'rom  this  and  other  cases  of  false  "  hcnuaphroditiam,4 
nuch  less  fiequent  cases  of  "true  hermaphro<litiam"  t 
distinct.    This  exists  only  when  the  essential  organs  a 
iduction,  both  kinds  of  germ-glands,  are  united  in  oiu 
idual.    Either  an  ovary  is  then  developed  on  the  rightrl 
t  testis  on  the  left  (or  vice  versa) ;  or  testes  and  ovaries 
developed    on  both   sides,  one  more,  the  other  loss 
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j)erfectly.  As  we  have  already  aeea  that  the  oqi 
rudiment  of  the  sexual  organs  is  really  faeniui|dixo£lk 
all  Vertebrates,  and  that  the  separation  of  the  sexa  Bl 
due  to  a  one-sided  development  of  this  hermaplmi 
rudiment,  these  remarkable  cases  offer  no  theoretic  J 
culties.  They  very  seldom,  however,  occur  in  Man  anl 
higher  Vertebrates.  On  the  other  hand,  we  find  orii 
hermaphroditism  constant  in  some  lower  Vertebiates,! 
some  Fishes  of  the  Perch  kind  (Serranus),  and  in  1 
Amphibia  (Bambinator  and  in  Toads).  In  these  cases 
male  has  usually  a  rudimentary  ovary  at  the  nppo 
tremity  of  the  testis;  on  the  other  hand,  the  fennle 
sometimes  a  rudimentary  testis,  without  function, 
also  occurs  occasionally  in  Carp  and  some  other  Fi 
We  have  already  seen  how  the  original  hermaphiodi 
is  maintained  in  the  excretory  ducts,  in  Amphibia. 

In  the  germ-history  of  the  human  urinaiy  and  sc 
organs,  the  outlines  of  the  history  of  human  descent 
been  faithfully  maintained  up  to  the  present  time.  W< 
trace  their  development  in  the  human  embryo  step  by 
in  the  same  gradations  as  are  exhibited,  one  after  ano 
in  the  comparison  of  the  urogenitals  in  Acrania,  Cyclost 
Fishes,  Amphibians,  and  then  further,  in  the  serie 
Mammals,  in  Cloacal  Animals  (Monotreraes),  Poui 
Animals  {Maraupialia),  and  the  various  Placental  Amr 
(Cf.  Table  XLIII.)  All  the  structural  peculiarities  of 
urogenitals,  distinguishing  Mammals  from  other  V< 
brates,  are  also  present  in  Man ;  and  in  all  special  chs 
teristics  the  latter  resembles  the  Apes,  and  especially 
Anthropoid  Apes.  As  evidence  that  the  special  peculiar 
of  Mft"^"^<^^«  have  been  transmitted  to  Man,  I  will  fin 


■nefly  notice  the  similar  manner  in  which  the  eggs  aro 

>nned  in  Uie  ovarj\     In  all  Mammals,  the  mature  eggs  aro 

Ontained  in  peculiar  vesicles,  which,  after  their  discoverer, 

iogner  De  Oraaf  (1677),  are  called  the  Graafian  folliclea. 

r»i  -^e  were  formerly  regarded  as  the  actual  eggs,  which 

;i  .  however,  discovered  by  Baer  viUhin   the  Graafian 

..loaCvol.  i.p.  55).   Each  follicle  (Fig.  330,  C)  consists  of  a 

I  i.i.  fibrous  capsule,  which  contains  fluid  and  is  coated  by 

'■al  layers  of  cella.     At  one  [X)int  this  cellular  layer  lias 

l^nob-like  enlargement  {C,  b).  and,  there,  surrounds  the 

ital  egg  {V,  a).    The  ummmalian  ovary  is,  originally,  a  very 

simple  oblong  little   boily   (Fig.   320,  g),  formed   only  of 

connective   tissue  and  blood-vessels,  and  surrounded  by  a 

sell-layer  {the  epithelium  of  the  ovary,  or  the  female  germ- 

spit^elium).     From   this   epithelium,  cords   of  cells  grow 

inward,   into   the   connective   tissue   or   "stroma"   of  the 

jvary  (Fig.  330,  A,  b).     Single  cells  of  these  cords  increase 

in  size  and  become  egg-cells  (primitive  e^s.  A,  c);  but  the 

greater   number  of  the   cells   remain   small  and  form  an 

enveloping   and   nutritive  cellular   layer  (the  follicle-epi- 

iLelium)  round  each  egg. 

In  Mammals  the  folltcle-eptthetium  is  at  first  one- 
ayered  (Fig.  330,  B.  1),  afterwards  raany-Iayered  {B,  2).  In 
HI  other  Vertebrates,  the  egg-cell  is,  indeed,  enclosed  in  a 
jermanent  covering  of  small  cells,  an  e^-foUicle ;  but  only 
n  Mammals  does  fluid  accumulate  between  the  growing 
rollide-cells,  and  thus  extends  the  follicle  into  a  round 
plodder  of  considerable  size,  on  the  inner  wail  of  which 
jhe  egg  lies  excentiically.  In  this  [wint,  as  in  his  whole 
Iforphology,  Man  unmii^takably  indicates  his  descent  ii-om 
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^IPin.  330-— DcTcloproeot of  hamDo  orules  nitliio  the  fomaJo  ortrj. — At, 

*»r-ticiil  eoction  throogli  the  orary  of  a  now-bom  temato  :  a,  epitlioUum  o(  , 

^      orary ;   h,  radiment  of  an  eifg.cord :    c,  young  eggs  in  tho  cpithelinm  t ' 

^  dinger  egg'OOrd  with  tho  follicloa ;  B,  group  of  yonng  foIUcleB;  /,  single 

-  'ing   tullirle;   3,  blDod.rBseals  in  the  canneotiTe  tissue   (itronui)  of  the 

1  -ry.  In  the  cords  the  jDong  primitira  eggs  oon  be  distinpilshed  fimn ' 
'  Burronodiiig  celts  of  the  roltiolo  by  their  nilatiTely  hirge  aixc.  (After 
'ildejer).— 330,  S.  Tno  yooiig  follicles  isolated  i  in.  1.  the  cells  of  the 
'  ^  Vide  form  but  a  siogle  layer  around  the  young  primitive  egg ;  in  S,  thcj 
■  nil  a  donblo  layer ;  in  2,  Ihey  be^n  to  form  tho  primary  chorion  (a),  nr 

-  le  ,ona  pcUucida  (vol.  i.  p.  135).— 330,  C.  A  matmu  human  Graafian  foUicle  : 
"0  Pgg  ;  (',  tho  aurmuuding  folliclp-colls ;  c,  the  epithelial  cells  of 

h follicle;  d,  the  fibroos  mombrane  of  tha  follicle;  e,  ita  enter  surface. 

I  The  entire  natural  history  of  the  Iiiiman  sexual  organs 
me  of  the  branches  of  Anthropology  wliieli  affords  tha 
foDgest  proofs  of  the  origin  of  the  liuman  race  from  the 
mal  kingdom.  Each  man,  on  knowing  the  pertinent 
I,  and  without  prejudice,  judging  these  comparatively, 
1  but  be  convinced  that  he  is  descended  from  lower 
■ertebratea.  The  general,  and  the  more  minute  structure, 
lie  activity  and  the  individual  evolution  of  the  sexual 
i,  is  exactly  the  same  in  Man  as  in  Apes.  This  ia  as 
■ne  of  the  male  as  of  the  female,  of  the  internal  as  of  the 
,1  genitalia.  The  differences  in  this  matter  between 
:  and  the  most  man-like  Apes  are  far  less  than  the 
ifferences  between  the  various  forms  of  Apes.  As,  how- 
:,  all  Apes  are  undoubtedly  from  a  common  origin,  this 
i  alone  proves,  with  absolute  certainty,  the  descent  of 
I  from  Apea. 
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TABLE   XLIII. 

8T8TBMATIC    SUBTIT   OF  THE  MOST  iMPOBTAlfT    PsmiODB  DT  TO 

OF  THB  TJbinabt  akd  Skxual  Okoaxs  oy  ifAw.ar 

XLin.  A.  Pint  main  diTiiioii:   the  ■eznal  oigmiiB   (G)  and  te 
organa  (U)  are  distinct.    (The  aeznal  or  genital  BTatem  (GQ  iril 
excretory  or  nrinaxy  system  act  indepeodeneljr  of  each 


L  Tvni  Period :  Gfeattols  and  JTulfMy*  ^  Chutnmds. 

G.  Single,  scattered  cells  of  the  entoderm  cdiaiige  into  egg-odb;  n^ 
scattered  cells  of  the  exoderm  into  sperm-oella. 

U.  Special  urinary  organs  are  aa  yet  wholly  wanting.  SecniMi 
performed  by  the  oells  of  the  exoderm. 

II.  Second  Period :  QenitdU  and  Kidney e  qf  Primitive  TTonas. 

G.  The  egg-cells  of  the  entoderm  g^her  into  gronpa  (ovary-platei); 
ilo  the  sperm-colls  of  the  exoderm  (testis -plates). 

U.  A  pair  of  simple  ponoh-like  skin.glands  (prodacta  of  the  skin-iSBS 
layer)  develop  into  extremely  simple  kidney-oanala  (exoretoty  organs  d 
Flat-worms,  Platelminthea), 

III.  Third  Period :  QenitaU  and  Kidneye  qf  ScoUeida, 

G.  After  the  differentiation  of  the  four  secondary  germ-layers  is  o 
plete,  the  egg-cells  pass  from  the  skin-sensory  layer  into  the  skin-fibi 
layer ;  the  sperm-cells  also  pass  from  the  intestinal-glandolar  layer  into 
intestinal-fibroas  layer. 

U.  After  the  formation  of  the  ccelom  is  completed,  the  blind  inner  ( 
of  the  two  kidney-canals  (or  *'  primitive  kidney  duota  ")  open  into  the  b( 
cavity  (oceZoma). 

IV.  Fourth  Period :  GenitaU  and  Kidneys  of  Chordoniom 

G.  The  groups  of  egg-cells  (ovarial  plates)  and  the  groups  of  sperm-c 
(testes-plates)  meet  at  the  bomidary  between  the  endocoelar  (the  viso 
intestinal-fibrous  layer  of  the  coelom-epithelinm)  and  tho  exocodar  ( 
parietal  skin-fibrons  layer  of  the  ooBlom-epithelinm),  so  as  to  fixm 
hermaphrodite  glands. 

U.  The  primitive  kidney  dnots  differentiate  into  aa  excretory  an 
glandular  part. 

y.  Fifth  Period :  QenitaU  and  Kidneys  ofAerania^ 

G.  The  sexes  become  distinct.  In  the  female,  only  the  ovary  is 
Telopod  ;  in  the  male,  only  the  testes. 

U.  The  primitive  kidney  ducts  remain  simple  (atrophied  in  Amphioix 
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VL  Siith  Feriod  r  Omilala  and  Kiditetji  of  Cyctoilama. 
le  Boxnal  glanda  (ntUDOniQB  in  ^crania)  ooalesce  into  a  pair. 

nitiVB  kidnej  dncta  aend  imt  latcml  biuichoB  which  acqiuro 
i  coili  (glomgruli)  (the  aomi.pinnata  primitiTe   Iddneja  of  Bdtllo-L 


111  miun  dirieion;  the  genital  organs  (Q)  and  the  nrimuy 
IB  (U)  becnme  united.    (Tho  seinal  gyatem  and  the  nrinDiy  sjratem 
kimited  ID  the  "  urogenital  Bj-atam.") 

;.  Ssventh  Period  !  Uregmilala  of  Frimitiva  FUhei  (SelarhiiJ. 
m  primwy  primitive  kidney  doot  differentiatea  on  each  aide.  fonnin)f 
dary  oanals ;  the  Wolffian  duct,  wbiob  develops  into  the  eeed-dnii'l . 
I'ilie  Iliilloriaii  duct,  which  develops  into   tho   oviduct.    Both  genital 
lucta  origiDBllj  open  behind  the  onns  (^Proeelarhii), 

VIIL  Ei>jhth  Period  :  Utogmitah  of  Dipnemfa. 
A  cloaca  is  formed  by  the  m 
•f  the  Buui.  Tho  aingle  ariniiTj 
ho  rectnm  (Lepidoairen). 

IX.  Find  Period  :   Urogenitals  of  Amphibia. 

From  the  nppcnnost  part  of  tho  primitivB  kidney  which  ia  in  proccsa  of 
tropbjr,  proceeds,  in  the  male  aoi,  the  mpplemeutary  testis ;  in  the  female 
■aC(  tho  snpplemcntBry  ovary.  The  WoUBau  duct  yet  acts,  in  both  eeies,  as 
■rinaij  oanal,  and,  in  the  male,  also  as  the  eeed-duot.  The  If  itilerian 
-Bet  M>tB  in  the  female  soi  as  oviduct ;  in  the  male  it  is  a  rudimentary 
pgu  (Ratbke'B  duct). 

X,  Tenth  Period  ;  VrojenilaU  of  Frolamnia. 

'  I  >"  atrophied  primitive  kidney  is  replaced  b;  tlic  permanent  secondary 

I    03  the    nrinary  organ.      Tho  urinary  bladder  growa  out  from  the 

uuii^l  orifice  of  the  embryo  and  TormB  the  alhutois.     From  tho  anterior 

nsU  of  the  cloaca  grons  tho  sexual  prctuberanco  {p)uillu»),  which,  in  the 

imte,  develops  to  the  penis,  in  the  female,  to  the  clitoris. 

XI.  Eleventh  Feriod  .-  Urogenitals  ^  Uonolrtmet. 
The  lower  end  of   the  oriduct  enlarges  on  each  aide  to  a  muscuUi 

Xn.  Tiattfth  Period  :   Urogenitals  of  Marmptalia, 

TtiB  cloaca  is  xepanited  by  a  partition  futo  an  anterior  urogotiital  opoiiing 

f«rtura  wragenilalis)   and  a   posterior  anal  opening  (oniu}.      FiDtn  the 
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lower  part  of  the  Qterat  the  Tigins-rmTial  pa^oo  oat  en  ead  ak 
ovaries  and  teatea  begin  to  move  downward  from  their  place  of  km 

Xin.  ThirtemUh  Period  :  UroffenitdU  ^  BmKLofm^ 

The  lower  parts  of  the  MiUlerian  and  the  WoIfSmn  ducts  coaka 
a  Boznal  cord.  The  ooalesoenoo  of  the  two  uteri  at  the  lower  psl 
rise  to  the  ttttruj  hicomi*,    A  part  of  the  allantoia  beoomee  the  pbtt 

XrV.  Fourteenth  TtriodLs  UrogenitaZo  qf  Apee. 

The  two  uteri  coalesce  throughout  their  entire  leDgth^  fomiiigi 
pear-shaped  ateniSi  aa  in  Moo. 
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.  CHAPTER  XXVL 

RESULTS  OP  ANTHROPOGENY. 

Review  of  the  Germ-history  as  giyen. — Its  Explanation  by  the  Fundi 
Law  of  Biogeny. — Its  Caasal  Relation  to  the  History  of  thel 
Rudimentary  Organs  of  Man. — Dysteloology,  or  the  Doctrine 
poselessness. — Inheritances  from  Apes. — Man's   Place  in  the 
System  of  the  Animal  Kingdom.— Man  as  a  Vertebrate  and  a  "M 
— Special  Tribal  Relation  of  Men  and  Apes. — Evidenoes  x^gait 
Ape  Question. — The  Catarhina  and  the  Platyrhina. — The  Dirinc 
of  Man. — ^Adam  and  Eve. — History  of  the  Evolotion  of  the  ] 
Important  Mental  Differences  within  a  Single  Class  of  Animal 
Mammalian  Mind  and  the  Insect  Mind. — Mind  in  the  Ant  and 
Scale-lonse  {Coccus), — Mind  in  Man  and  in  Ape. — ^The  Organ  of 
Activity :    the   Central  Nervous   System. — The    Ontogeny  anc 
logeny  of  the   Mind. — The   Monistic  and   Dualistic    Theories 
Mind. — Heredity  of  the  Mind. — Bearing  of  the  Fundamental 
Biogeny  on  Psychology. — Influence  of  Anthropogeny  on  the  Vic 

the  Monistic  Philosophy  and  the  Defeat  of  the  Dualistic. Katu 

Spirit. — Natural    Science  and  Spiritual  Science. — Conception 
World  reformed  by  Anthropogeny. 

"  The  Theory  of  Descent  is  a  general  inductive  law  which  ivsull 
absolute  necessity  from  the  comparative  synthesis  of  all  the  pJioTyw 
organic  nature,  and  especially  from  tha  threefold  parallel  of  phylog) 
ontogenetic,  and  systematic  evolution.  The  doctrine  that  w*«^«  Ju 
veloped  from  lower  Yertebrates,  and  immediately  from  genuine  A 
a  special  deductive  conclusion,  which  results  with  absolute  necessity 
the  general  inductive  law  of  the  Theory  of  Descent.    This  view  of  * 
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ftca  in  nature,*  eaonot,  wo  bsliofc,  bo  made  too  prominent.  If  the  1'liuorr 
Dosccat  ia  coirect  as  a.  whole,  tben  the  ibporj'  thnt  nukii  bus  dcTelopcd 
3xn  loirec  VDrtcbraleB  is  limplf  an  mmToidfLble  dedoctiTO  aouclnaiaii  ftom 
^tfc  general  iDduotiTO  law.  Hence,  &U  tortbEr  diecovericB  nhich  ma;  in 
't^nte  enrich  our  kaotrledge  of  the  phjlctio  deTelopmeot  of  man,  can  onlj 
'  oonfinnatiTe  of  special  points  of  that  dednctioD,  which  rcsta  on  th? 
^ooddBt  indnctiTB  boais." — Gen^nlle  aioiphiihgie  (1866). 

^-Vi  we  have  now  traversed  the  wonderful  territory  of 
^11  history  of  human  development,  and  leampd  its  moat 
;i.iitant  parts,  it  aeems  appropriate  that,  at  the  cloae  of 
tiavels,  we  should  look  back  on  the  road  behind  us, 
*na.  on  the  other  hand,  glanco  forward  along  the  furtlicr 
^th  of  knowledge  into  which  our  road  will  lead  in  futiiro. 
^e  started  fi-om  the  simplest  facts  of  the  history  of  man's 
individual  development;  ontogenetic  facts  which  can,  at 
any  moment,  be  shown  and  estabUahed  by  microscopic  or 
'inatomic  research.  The  first  and  most  important  of  these 
.ycnetic  facts  is,  that  every  man,  like  every  other 
1 1  lal,  is  at  the  commencement  of  his  individual  existence, 
I  biiiiple  cell.  Tliis  egg-cell  exhibits  precisely  the  same 
iferncture  and  mode  of  origin  as  that  of  any  other  Mammal. 
Prom  this  cell  proceeds,  by  repeated  division,  a  many-celled 
body,  the  mulberry-germ  {moritla) ;  this  changes  into  a 
3up-germ  (jgastrtUa),  and  this,  again,  into  an  intestinal 
jerm-vesiclo  (<)a8trocyBtis).  The  two  distinct  cell-strata 
nrhicb  compose  its  wall  are  the  two  primary  germ- 
layers ;  the  skin-layer  (exodcrma)  and  the  intestinal  layer 
'etUodemia).  This  double-layered  germ-form  is  the  onto- 
genetic reproduction  of  that  extremely  important  phylc- 
^enetic  parent-form  of  all  Intestinal  Animals,  to  wliich  ire 
'   L  .■  given  the  name  Oastriea 

A-i  the  human  germ,  like  that  of  other  Intestinal  Animalg, 
■1  OL.  U.  2  E 
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passes  through  this  gastrula-form,  we  are  enabled  to 
its  phylogenetic  origin  back  to  the  Qastreea.  By  tndi 
germ-history  of  the  two-layered  germ  still  farther,  we 
that^  by  fission,  four  secondary  layers  are  produced 
the  two  original  germ-layers.  These  have  exactly  the 
constitution  and  genetic  significance  in  Man  as  in  all 
Vertebrates.  From  the  skin-sensory  layer  develop 
outer  skin  (epidermis)  and  the  central  nervous  systen 
probably,  the  kidney  system.  The  skin-fibrous  layer 
the  leather-skin  (coirivmi)  and  the  oi^gans  of  motia 
skeleton  and  muscle  systems).  From  the  intestinal-1 
layer  originates  the  vascular  system  and  the  fleshy  ^ 
the  intestine.  The  intestinal-glandular  layer,  finally, 
only  the  epithelium,  or  the  inner  cellular  layer 
intestinal-mucous  membrane  and  of  the  intestinal  gla 
The  manner  in  which  these  various  organic  s 
develop  from  the  four  secondary  germ-layers,  is,  fix 
very  first,  exactly  the  same  in  Man  as  in  all  other 
bratea  The  germ-history  of  each  separate  oigan  a 
proof  that  the  human  embryo  takes  exactly  the  same 
direction  in  its  differentiation  and  formation,  which, 
in  Man,  occurs  only  in  the  other  Vertebrates,  With 
great  animal  tribe  we  then  traced,  step  by  step,  and 
after  stage,  the  farther  development  which  takes  place 
entire  body  as  well  as  in  all  its  several  parts.  This 
development  takes  place  in  the  human  embryo  in  th 
peculiar  to  Mammals.  Finally,  we  saw,  that  even 
this  class  the  various  stages  of  phylogenetic  develo] 
which  determine  the  natural  classification  of  Mai 
correspond  throughout  to  the  various  stages  of  onto^ 
formation  through  which  the  human  embryo  passes 
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r  course  of  its  development.  We  were  thus  enabled 
Ermine  the  place  of  Man  more  definitely  in  the  system 
1  class,  and  accordingly  to  establish  the  natiire  of  his 
\aa  to  the  various  mammalian  orders. 
Tie  course  of  reasoning  which  we  adopted  in  explaining 
kicse  ontogenetic  facts,  was  simply  the  logical  carrying  out 
"C  the  fundamental  law  of  Biogeny.  In  so  doing  we  have 
■onstantly  tried  to  carry  out  the  significant  distinction 
iMtween  palingenetic  and  kenogonetic  phenomena.  Palin- 
-r^esis,  or  "the  history  of  inheritance,"  alone  enabled  us  to 
Blnw  direct  conclusions  from  obsei-ved  germ-forms  as  to  the 
sflibal  forms  transmitted  by  heredity.  On  the  other  hand, 
^ese  conclusions  were  more  or  less  endangered,  wherever 
!-Kenogenesis,  or  "vitiated  evolution,"  was  introduced  by  new 
adaptations.  The  whole  understanding  of  the  history  of  in- 
^vidual  evolution  depends  on  the  recognition  of  this  most 
important  relation.  We  stand  here  on  the  border-line  which 
irfiarply  divides  the  new  from  the  old  method  of  scientific 
mvestigation,  the  new  from  the  old  conception  of  the  world. 
All  the  results  of  i-ecent  moiphological  research  drive  us 
■with  irresistible  foree  to  the  recognition  of  this  fundamental 
principle  of  Biogeny,  and  of  its  far-reaching  consequences. 
These  are,  it  is  true,  irreconcilable  with  the  customary 
jnytholi^cal  ideas  of  the  world,  and  with  the  powerful 
prejudices  engrafted  into  us  in  early  youth  by  theosophic 
Sostmction ;  but,  witliout  tlm  fundamental  law  of  Biogeny, 
-without  the  distinction  between  Palingenesis  and  Keno- 
gcnesis,  and  without  the  Theory  of  Descent,  upon  which 
"these  are  based,  we  are  entirely  unable  to  understand  the 
facts  of  organic  development ;  without  these,  wo  cannot 
AJford  the  faintest  explanation  of  any  part  of  this  gieat  and 
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wonderful  world  of  phenomena.  Bui,  if  we  leoogxiis 
causal  relation  between  the  development  of  the  gem 
tliat  of  the  tribe,  if  we  recognize  the  true  causal  ooi 
of  Ontogeny  and  Phylogeny,  which  is  expressed  in  tliatl 
then  the  wonderful  phenomena  of  Ontogeny  explain 
selves  most  simply;  then  the  facts  of  germ-dei 
appear  but  the  necessary  mechanical  effects  of  the 
ment  of  the  tribe,  conditioned  by  the  laws  of  HeredUji 
Adaptation.  The  inter-operation  of  these  laws  among 
everywhere-active  influences  of  the  struggle  for 
— or,  as  we  may  simply  say  with  Darwin^  Natural  SdeelMli| 
— is  amply  sufficient  to  explain  to  us  the  entire  prooeBitf 
germ-history  by  the  history  of  the  tribe.  Darwin's  dhiet 
merit  lies  in  the  fact,  that  by  the  discovery  of  the  inte^ 
action  of  the  phenomena  of  Heredity  and  Adaptation,  k 
prepared  the  way  for  a  correct,  logical  understanding  of  tk 
history  of  Evolution. 

Among  the  numerous  and  important  evidences  that  le 
have  found  for  the  truth  of  this  view  of  our  deveIo}Hnenl 
history,  I  will  only  call  attention  here  once  more  to  tl» 
peculiarly  valuable  records  of  creation  afforded  by  Dystde- 
ology,  or  the  doctrine  of  purposelessness,  the  science  dealiif 
with  rudimentary  organa  It  is  impossible  to  emphasis 
too  often  and  too  strongly  the  high  morphological  import- 
ance of  those  remarkable  parts  of  the  body,  which  Ut, 
physiologically,  completely  worthless  and  useless.  In  evay 
system  of  organs  we  find,  in  Man  and  in  all  higher  Verte- 
brates, some  of  these  worthless  primaeval  heirlooms,  'whidi 
have  been  inherited  from  our  lower  vertebrate  ancestor 
Thus,  first,  we  find  on  the  outer  surface  of  the  body  a  scanfy 
rudimentary  covering  of  hair,  which  is  thicker  only  on  tie 
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ca<I,iii  the  armpits.anil  on  some  other  parts  of  the  body.  The 

fiort  hairs  on  tLegreaterpartof  the  surface  of  our  bodies  aro 

'i rely  useless,  arc  without  any  physiolo^cal  significance; 

..  \-  arc  the  last  scanty  remains  of  the  mnch  more  fully 

1  «.lope(i  hairy  covering  of  our  Apo  ancestors  (p.  208),    The 

;  -i>-organs  exhibit  a  serias  of  the  most  remarkable  rudimen- 

y  parts.   As  wo  have  seen,  the  whole  external  ahetl  of  the 

with  ita  cartilages,  muscIcB,  and  membranes,  ia,  in  Man, 

1  -  L'less  appendage,  destitute  of  the  physiological  importance 

'  nt  was  formerly,  erroneously,  attributed  to  it.     It  is  ihe 

atrophied  i-emnant  of  the  pointed,  freely-moving,  and  much 

^moro  highly  developed  mammalian  ear,  the  muscles  of  which 

wp  retain,  although  we  can  no  longer  use  them  (p.  271). 

■;iin,  we  found,  at  the  inner  comer  of  the  human  eye,  the 

;i;itkahle  little  creaccnt-shaped  fold,  which  is  of  no  use  to 

us,  and  is  of  interest  only  as  being  the  last  vestige  of  the 

nictitating  membrane ;  of  that  thii-d  inner  eyelid  which  is 

still  of  great  physiological  importance  in  Sharks  and  many 

,\tiinion    Animals   (p.   259),       Numerous    and    interesting 

,  I  s  st.eleological  proofs  are  also  afforded  by  the  apparatus  of 

iniition,  both   by  the  bony  and  the  muscular  systems.     I 

\vill  only  cite  the  free,  projecting  tail  of  the  human  embryo, 

and  the   rudimentary  caudal   vertebras   developed   in   the 

latter,  together   with   the   pertinent  muscles;   this   whole 

organ  is  entirely  useless  to  Man,  but  is  of  great  interest  as 

the  atrophied  remnant  of  the  long  tail  of  our  earlier  Ape 

ancestors,  which  was  composed  of  numerous  vertebra  and 

muscles  (p.  283).     From  these  same  ancestors  we  hava  also 

inherited  various  bone-processes  and  muscles,  which  were  of 

great  use  to  them  in  their  climbing  life  among  the  trees,  but 

with  us  have  lalten  out  of  use.    At  vai-Ious  points  under  the 
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skin  we  also  have  entirely  unused  skm-muscles ;  veatig 
ihe  largely  developed  skin-muscles  of  our  lower  n 
malian  ancestors.  It  was  the  function  of  this  "pamuc 
camosus  "  to  contract  and  wrinkle  the  skin,  as  we  maj 
any  day  done  by  horses  to  drive  away  fliea  We 
possess  an  active  remnant  of  this  great  skin-muscle  in 
muscle  of  the  forehead,  by  means  of  which  ^we  wrinkli 
forehead  and  draw  up  the  eyebrows ;  but  ^we  are  no  k 
able  to  move  at  will  another  considerable  remnant  of  h 
great  skin-musde  of  the  neck  (platyama  myoides). 

As  in  these  animal  organ-systems  of  our  body,  so  al 
the  vegetative  apparatus,  we  meet  with  many  rudimei 
organs,  most  of  which  we  have  incidentally  noticed.  1 
only  cite  the  remarkable  thyroid  gland  (thjfreoidea] 
rudiment  of  the  crop  and  the  remnant  of  the  ciliated  gi 
(hypobranchial  groove)  present  in  Chordoma,  Ascidia 
Arcrania,  on  the  lower  part  of  the  gill-body  (pp.  336, : 
also  the  vermiform  process  of  the  blind-intestine  (coe 
(p.  344).  In  the  vascular  system  we  find  many  u 
ducts,  the  vestiges  of  disused  vessels  which  -were  fon 
active  blood-channels ;  such,  for  instance,  are  the  "d 
BotaUi**  between  the  lung-artery  and  the  aorta^ 
the  "dttdiw  veno8U8  ArantiiJ*  between  the  vena  j 
and  vena  cava,  and  many  others.  The  numerous 
mentary  organs  of  the  urinary  and  sexual  systems  (p 
are  especially  interesting.  Most  of  these  are  develop 
one  sex  and  rudimentary  in  the  other.  Thus,  in  the 
the  seed-ducts  form  from  the  Wolffian  ducts,  of  whic 
only  traces  remaining  in  the  female  are  the  Gartc 
canals.  On  the  other  hand,  from  the  MuUerian  ducts  i 
female  are  developed  the  oviducts  and  the  uterus;  wh 
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'bo  male,  only  the  lower  extremities  of  these  ducts  remain, 
taming  the  useless  male  uterus  (uesicula,  proatatica).  In 
:ike  nipples  and  mammaiy  glands,  the  male  possesses  other 
irudiraentarj-  organs  which,  as  a  rule,  are  functional  only  in 
•llie  female  (p.  204). 

I  A  closer  anatomical  examination  of  the  human  iiody 
nrould  bring  to  our  notice  a  number  of  other  mdimentary 
organs,  all  of  which  can  be  explained  only  by  the  Theory  of 
Descent.  They  are  among  the  most  important  evidences  for 
the  truth  of  the  mechanical  theory  of  nature,  and  among  the 
most  overwhelming  proofs  against  the  prevailing  teleolo^cal 
ideas  of  creation.  If,  in  accordance  with  this  latter  view,  Man 
uid  every  other  oiganism  had  been  designed  for  his  life- 
purpose  from  the  beginning,  and  had  been  called  into  existenct* 
by  an  act  of  creation,  the  existence  of  these  rudimentary 
argans  would  be  an  incomprehensible  enigma ;  it  would  be 
impossible  to  understand  why  the  Creator  should  have  laid 
Jlis  useless  burden  on  his  creatuies  in  their  Ufe-joumoy,  so 
urduous  at  the  best  On  the  other  hand,  by  means  of  the 
Cheory  of  Descent  we  can  explain  their  existence  in  the 
iioBt  simple  way,  and  say :  The  rudimentary  organs  are 
jaxta  of  the  body,  which,  in  the  course  of  centuries. 
lave  gradually  fallen  out  of  use ;  oi^ans  which  perfoimed 
lefioite  junctions  in  our  animal  ancestors,  bub  which,  in 
IS,  have  lost  their  physiological  irajmrtance.  They  have 
wcomc  useless  in  consequence  of  om*  adaptation  to  new 
rlrcumstances,  but  yet  are  transmitted  from  generation  to 
^oeration  by  heredity,  and  have  only  slowly  atrophied. 

Liko  these  rudimentary  organs,  so  also  all  the  other 
ii;gans  of  our  body  have  been  transmitted  to  us  from 
blammalSj  and,  immediately,  from  our  Ape  ancestors.     The 
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liuman  body  includes  no  single  oigan  whid  is  lolij 
herited  from  Apes ;  but^  by  means  of  our  fundamenldl 
of  Biogeny,  we  can  trace  the  origin  of  our  several 
of  organs  yet  further  down  to  various  lower 
grades.  Thus,  for  instance,  we  can  say  that  ive 
inherited  the  earliest  organs  of  our  body,  the  oaf 
(epidermw)  and  the  intestinal  canal,  from  the 
the  nervous  and  muscular  systems  from  the  lower  W« 
(Arcfielmintltea),  the  vascular  system,  body-cavity  (c 
and  blood  from  Soft  Worms  (Scoledda),  the  notodiord 
the  gill-intestine  from  Chorda  Animals,  the  differen&hi 
organs  of  sense  from  the  Cydostoma^  the  limbs  and  Ai 
Miillerian  ducts  from  Primitive  Fishes  (Selachii),  and  the  a 
temal  reproductive  organs  from  Primitive  Manmial8(?n 
mammalia).  When  we  stated  the  "  law  of  the  ontogeoel 
connection  of  systematically  allied  forms/'  and  detemmi 
the  relative  age  of  the  organs,  we  saw  how  ^we  could  dn 
such  phylogenetic  conclusions  as  these  from  the  ontogene 
succession  of  the  organ-systems  (voL  i.  p.  390 ;  ii.  357), 
4.  By  the  help  of  this  important  law  and  of  Companti 
Anatomy,  we  were  also  enabled  to  determine  definifa 
''  man's  place  in  nature,"  or,  as  we  may  say,  to  assign 
man  his  position  in  the  system  of  the  animal  kingdom, 
is  now  usual,  in  the  more  recent  zoological  systems, 
distribute  the  whole  animal  kingdom  into  the  seven  tril 
or  phyla,  which  are  again  sub-divided,  in  round  numlx 
into  about  forty  classes;  and  these  classes  into  abt 
two  hundred  orders.  According  to  his  whole  oiganiali 
Man  is  undoubtedly,  primarily,  a  member  of  but  a  ««, 
tribe,  that  of  Vertebrates ;  secondly,  he  is  a  member  of  I 
a  single  dass,  that  of  llammals ;  and,  thirdly,  a  mem) 
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but  a  single  order,  that  of  the  Apes.     All  the  character^ 

—5c  peculiarities,  distinguishing  Vertebrates  from  the  other 

^C  tribes,  distinguishing  Mammals   from   the  other  forty 

■s,  and  distinguishing  Apes  from   the  remaining  two 

xdred   orders  of  the  animal  kingdom,  are  also  present 

Man.    Turn  and  twist  as  we  may,  we  cannot  escape  this 

tomical  and  83rstematic  fact.     Quite  recently  this  very 

t  hafi  led  to  the  liveliest  discussion,  and  has  occasioned, 

wially,  many  disputes  about   the    specillc    anatomical 

iBtionship  of  Man  to  Apes.     The  most  astounding  views 

^  this  "ape  question,"  or  "pithecoid  tlieory,"  have  been 

It  will  therefore  be  well  to   examine  it  closely 

!  more  at  this  point,  and  to  separate  the  essential  from 

B  non-essential  in  it. 

I  We  will  start  from  the  undisputed  fact,  that  Man,  at  all 

nts, — whether  his  special  blood-relationship  to  Apes  is 

^acknowledged  or  denied, — is  a  genuine  Mammal,  ia  a  Pla- 

•:entaJ  Mammal.     This  fundamental  truth  can  be  so  easily 

proveil  at  any  moment  by  investigations  in  Comparative 

Anatomy,  that  it  has  been  unanimously  acknowledged  since 

I  ho  separation  of  the  Placental  from  the  lower  Mammals 

^Pouched  Animals,  or  Marmipialia,  and  Beaked  Animals,  or 

'JiOstorma).     But,  from  this,  every  logical  adherent  of 

I  doctrine  of  development  at  once  draws  the  conclusion, 

:  man  is  descended  from   one  and   the  same  common 

nt-form,  together  with  all  other  Placental  Animals,  from 

I  progenitor  of  the  Pkicentalia,  just  as,  further,  we  must 

vxrUy  suppose  a  common  mamnialian  ancestral  form 

#sll  the  various  Mammals  (Placcntalid),  Pouched  Animals, 

d  Cloacal  Animals  {MoTWtremata) ;  but  by  this  the  great, 

gitatiog  main  question   of  man's   place   in  nature   is 
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conclusively  settled,  whether  we  ascribe  to  ^^^  t 
a  more  remote  relationship  to  Apes.     No  matter 
Man  is,  in  a  phylogenetic  sense,  a  member  of  the  ipe 
(or,  if  it  is  preferred,  of  the  Primate  order)  or 
any  case,  his  direct  blood-relationship  to  all  other! 
and  especially  to  the  Placental  Mitmma.l<^^  ig  estaUuhei 
may  be  that  the  inter-relations  of  the  various 
are  quite  different  from  those  now  hypothetically 
but,  in  any  case,  the  common  descent  of  Man  aali 
other  Mammals  from   a   common    parent-form  is  i 
putable.     This  primaeval,  long   since  extinct 
which  probably  developed  during  the  Triassic  FeriodL^ 
the  monotreme  ancestral  form  of  all  Mftrnm^la 

If  this  fundamental  and  extremely  significant 

is  borne  in  mind,  the  ''ape  question"  will  appear  to 

in  a  wholly  different  light  from  that  in  which  it  is  uaod}] 

presented.     A  little  reflection  will  bring  convictioiifli 

this  question  has  not  the  importance  that  has  of  lateVfl 

attributed  to  it ;  for  the  origin  of  the  human  race  £eqi 

a  series  of  various  mammalian  ancestors,  and  the  histoiid 

development  of  the  latter  from  an  earlier  series  of  km 

vertebrate  ancestors,  remains  indubitably  established,  t 

matter  whether  the  genuine  ''  Apes  *'  are  r^arded  as  il 

nearest  animal  ancestors  of  the  human  race  or  not.    Bi 

it  having  become  habitual  to  lay  the  principal  weight 

the  entire  question  of  the  origin  of  man  on  thig  vei 

"  descent  from  Apes/'  I  find  myself  compelled  to  i^an 

once  more  to  it  here,  and  to  recall  those  fEU^ts  in  Coi 

parative  Anatomy  and  Ontogeny,  which  conclusively  sett 

this  "  ape  question." 

The  shortest  way   to  the  goal  is  the  one  taken  I 
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xley  in  hia   celebrated  work,  which  we  have  ao  often 

_)tt.-tl,  on  the  "  Evidences  as  to  Man's  Place  ia  Nature," — 

ivjiy  atforded  by  Comparative  Anatomy  and  Ontogeny. 

Ikivc  to  compare  objectively  all  the  several  organs  of 
i^ai  with  the  same  organs  in  the  Iiigher  Apes,  and  then  to 
»«rtain  whether  the  differencos  between  the  former  and 
5a  latter  are  gi'eater  than  the  corresponding  dlSerences 
ii^ween  the  highei'  and  lower  Apes,  The  indubitable  and 
•isputable  result  of  this  comparative  anatomical  investi- 
fc^ioD  which  was  conducted  with  the  greatest  candour  and 
^suracy,  was  the  important  law,  ndiicb,  in  honour  of  its 
■•covcrer,  we  have  named  Huxlc'j'a  Law;  namely,  that  the 
-jrsical  differences  between  the  organization  of  Man  and 
mt  of  tbe  most  highly  developed  Apes  known  to  us,  aie 
'■^eh  smaller  than  the  corresponding  differences  between 
1il;^her  and  lower  Apes.    We  might  even  define  this  law 

more  exactly  by  excluding  entirely  the  Platyrhina  or 
'  1.1  liean  Apes  as  l»eing  more  remote  relatives,  and  limiting 
At  comparison  to  the  narrower  circle  of  relatives,  the 
Iktarbina.  or  Apes  of  the  Old  World.  Even  within  this 
tiin.ll  group  of  Mammals,  we  found  the  differences  of  struc- 

hitween  the  liigher  and  Iowlt  Narrow-nosed  Apes,  for 

,];Ie  between  the  Gorilla  and  the  Baboon,  much  greater 
iiiLii  the  differences  between  these  Man-like  Apes  and  Man, 
Jih&i,  in  addition,  we  now  turn  to  Ontogeny,  and  when  we 
ind  there,  according  to  our  "  law  oi  the  ontogenetic  con- 
lection  of  systematically  related  forms,  that  the  embryos  of 
ian  and  of  the  Man-like  Apes,  are  identical  for  a  longer 
iijiiiMl  than  the  embryos  of  the  highest  and  of  the  lowest 

-,  we  are  certainly  obligetl  to  bring  ourselves,  whether 
!  ,1  good  or  a  bad  grace,  to  acknowledge  our  origin  from  i 
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Uie  Apo  order.  From  the  facts  exhibited  by  CoDp 
Anatomy,  we  can  undoubtedly  form  in  ^m^m£ 
approximate  image  of  the  structure  of  our  anoeston< 
the  older  Tertiary  Period ;  we  may  fill  out  the  d^aib 
will,  yet  this  image  will  bo  a  genuine  Ape»  andi 
Catarhinc.  For  Man  has  all  the  physical  chsradw 
tmguishing  the  Catyrhina  fix>m  the  Flatjarhina.  k 
ingly,  in  the  mammalian  pedigree,  we  must  derin 
human  race  directly  from  the  Catarhine  group,  and 
the  origin  of  Man  to  the  Old  World.  For  the  entire  | 
of  the  Catarhine  Apes  has,  as  yet,  been  confined  to  tli 
World,  just  as  the  group  of  the  Platyrhine  Apes  has 
limited  to  the  New.  Only  the  earliest  root-form,  thai 
which  both  groups  sprang,  was  common  to  them;  pre 
it  originated  irom  the  Semi-apes  of  the  Old  World. 

Therefore,  although  it  is  thus  indubitably  estaUis 
the  result  of  our  objective  scientific  inquiry,  that  the  1 
race  is  directly  descended  from  the  Apes  of  the  Old 
yet  we  will  once  more  state  emphatically  that  this 
cant  fact  is  not  of  as  great  importance  to  the  main  q 
of  the  origin  of  Man,  as  is  generally  supposed.  Fo 
if  we  entirely  ignore  the  fact  or  thrust  it  aside,  tl 
not  afiect  all  that  the  zoological  facts  of  C!om{ 
Anatomy  and  the  history  of  development  have  tai 
concerning  the  placental  character  of  Man.  These 
prove  the  common  descent  of  Man  and  the  other  Ms 
It  is  evident  also,  that  the  main  question  cannot  be 
least  evaded  or  set  aside  by  the  statement :  "  Man  is, 
a  Mammal ;  but  he  branched  off  from  the  others  q 
the  root  of  the  class,  and  has  no  nearer  relationshi 
any  other  extant  Mammal"    At  all  events^  the  relat 
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idently  more  or  less  cloao  if  we  comparatively  exami 
-elation  of  the  Mammalian  class  to  the  remaining 
ea  of  tlie  animal  kingdom.  All  Mammals,  iiiclu( 
,  are,  at  least,  of  common  origin,  and  it  ia  eq 
tin  that  their  common  parent-forms  gradually  devel 
,  a  long  series  of  lower  Vertebrates, 
reeling,  e\-idently,  rather  than  understanding,  induces 
;  people  to  combat  the  theory  of  their  "descent  from 
J."  It  is  simply  because  the  organism  of  tho  Ape  appears 
ricature  of  Man,  a  distorted  likeness  of  ourselves 
very  attractive  form,  because  the  customary  restliel 
i  and  self-glorification  of  Man  are  touched  by  this 
itive  a  point,  that  most  men  shrink  from  recognizioi 
•  descent  from  Apes.  It  seems  much  pleasanter  to  be 
ended  from  a  more  highly  developed,  divine  being, 
hence,  as  is  well  known,  human  vanity  has,  from  the 
est  times,  flattered  itself  by  assuming  the  original 
ent  of  the  race  from  gods  or  demi-gods.  The  chnrch, 
I  that  sophistical  diKtortion  of  ideas  of  which  she  i» 
freat  an  adept,  has  managed  to  oxtol  this  ridiculous 
u  as  Chi'istian  hiunility ;  and  those  people  who 
it  with  haughty  horror  every  suggestion  of  descent 
L  lower  animals,  and  consider  themselves  children  of 
,  those  very  people  are  exceedingly  fond  of  boasting 
it  their  childlike  humility  of  spirit.  In  most  of  the 
lona  delivered  against  the  progress  of  the  doctrine 
volution,  human  vanity  and  conceit  play  throughi 
ronunent  part ;  and,  although  wu  have  inherited  tl 
acteristic  weakness  from  Apes,  yet  we  must  confess 
ing  developed  it  to  a  degree  of  perfection  whii 
pl«tcly  overthrows  the  unprejudiced  judgment  of  tl 
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''  sound  understanding  of  man."  We  ridicule  the  A 
follies  occasioned  by  the  pride  of  anoestzy  amoij 
nobility,  from  tbe  splendid  IGddle  Ages  down  to  om 
time,  and  yet  no  small  portion  of  this  groundleaB 
of  nobility  lurks  in  a  great  majority  of  men.  Just  u 
][)eople  prefer  to  trace  their  pedigree  fix>m  a  decayed 
or,  if  possible,  from  a  celebrated  prince,  rather  tiiaii 
an  unknown,  humble  peasant,  so  they  prefer  seeing  fli 
genitor  of  Ihe  human  race  in  an  Adam  degraded  by  tli 
rather  than  in  an  Ape  capable  of  higher  devdopma 
progress.  It  is  a  matter  of  taste,  and  such  genea 
preferences  do  not,  therefore,  admit  of  discussion, 
must  confess  that,  personally,  I  am  as  proud  of  my  p 
grandfather,  who  was  simply  a  Silesian  peasant^  as 
maternal  grandfather,  who  raised  himself  firom  the  j 
of  a  Bhenish  lawyer  to  the  highest  j>ost8  in  the 
of  state.  And  it  is  also  much  more  to  my  individw 
to  be  the  more  highly  developed  descendant  of  a  pr 
Ape  ancestor,  who,  in  the  struggle  for  existence,  1 
veloped  progressively  from  lower  Mammals,  as  the 
still  lower  Vertebrates,  than  the  degraded  descenc 
an  Adam,  god-like,  but  debased  by  the  Fall,  who  was 
from  a  clod  of  earth,  and  of  an  Eve,  created  from  i 
Adam.  As  regards  this  celebrated  "  rib,"  I  must  h< 
pressly  add  as  a  supplement  to  the  history  of  the  d< 
ment  of  the  skeleton,  that  the  number  of  ribs  is  the  s 
man  and  in  woman.  In  the  latter  as  well  as  in  the  i 
the  ribs  originate  from  the  skin-fibrous  layer,  and  are  U 
garded  phy logenetically  as  lower  or  ventral  vertebne  (j 
Now  I  certainly  hear  some  one  say :  **  That  may 
right  and  correct  as  far  as  the  human  body  is  conceme 
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tlic   facts   presented,  it  is  certainly  no  longer  to  bel 
>tcA  tliat  this  haa  actually  developed  gradually,  step  hy  \ 

from  the  long  ancestral  series  of  Vertebrates ;  but  it  is 
>  otberwise  with  the  '  spirit  of  man,'  with  the  human 
I,  which  cannot  possibly  have  developed  in  a  similar 

from  the  mind  of  lower  Vertebrates."  Let  us  see  if  the 
vn  facts  of  Comparative  Anatomy,  Physiology,  and 
ution  can   meet  this  grave  objection.     We  shall  best 

firm  ground  from  which  to  start  in  this  matter  by 
jaratively  examining  the  minds  of  the  different  Verte- 
is.  Side  by  side  within  the  various  classes,  orders, 
ra,  and  sjiecies  of  Vertebmtes,  we  find  so  great  a  variety 
ertebral  intellects,  that,  at  first  sight,  one  can  scarcely 
i  it  possible  that  they  can  all  be  derived  from  the  mind 

common  "Primitive  Vertebrate."  Firet,  there  is  the 
:  Lancelet,  which  has  no  brain  at  all,  but  only  a  simple 
ollary  tube,  the  entire  mental  capacity  remaining  at 
very  lowest  grade  occurring  among  Vertebratea  The 
ostomi,  also,  standing  just  above,  exhibit  a  hardly 
er  mental  life,  though  they  have  a  brain.  Falsing  on  to 
es,  we  find  their  intelligence,  as  is  well  known,  also 
very  low  point.  Not  until  from  these  we  ascend  to  the 
ihibia,  is  any  essential  progress  in  mental  development 
rvable.  This  is  much  greater  in  Mammals,  although, 
,  here,  in  the  Beaked  Animals  (Oi'nilhosloma),  and  the 

higher  class,  the  stupid  Pouched  Animals  (Mare'ipiala), 
iQtire  mental  activity  is  still  of  a  very  low  order;  hut 

0  pass  on  from  these  to  Placental  Animals,  within  this 
ifonn  group  we  find   such   numerous   and   important 

1  in  differentiation  and  improvement,  that  the  mental 
roocea  between  the  most  stupid  Placental  Animals  (for 
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instance.  Sloths  and  Armadillos)  and  the  most  intd 
animals  of  the  same  group  (for  instance.  Dogs  and , 
seem  much  more  considerable  than  the  inteHectoi 
ferences  between  those  lowest  Placentals  and  the  Tk 
Animals,  or  even  the  lower  Vertebrates.  Those  diffe 
are,  at  any  rate,  much  more  considerable  than  tli 
ferences  in  the  intellectual  life  of  dogs,  apes,  and  men. 
yet  all  these  animals  are  allied  members  of  a  single  d 
This  fact  is  shown  to  a  yet  more  surprising  dq 
the  Comparative  Psychology  of  another  class  of  a 
which  is  specially  interesting  for  many  reasons,  1 
Insects.  It  is  well  known  that  many  Insects  ex 
mental  capacity  approximately  as  highly  develope 
possessed  by  Man  only  of  the  vertebrate  group.  It  is  d 
to  speak  of  the  celebrated  organized  communities  anc 
of  Bees  and  Ants ;  every  one  knows  that  very  remi 
social  arrangements  occur  among  these,  such  as  occu 
equal  degree  of  development  only  in  the  higher  i 
men,  and  nowhere  else  in  the  animal  kingdom.  I  w 
allude  to  the  civil  organization  and  government 
Monarchical  bees  and  Republican  ants,  to  their  d 
into  various  orders:  the  queen,  the  drone  nobilil 
workers,  the  nurses,  soldiers,  and  so  on.  Among  th 
remarkable  phenomena  in  this  extremely  interesting 
life,  is  certainly  the  cattle-keeping  of  certain  Ants, 
tend  plant-lice  for  the  sake  of  their  milk  and  r^ 
collect  their  honey-juice.  Even  more  remarkable 
slave-holding  of  the  large  red  Ants,  which  steal  the 
of  the  small  black  species  and  rear  them  to  slave-l 
It  has  long  been  known  that  all  these  civil  and 
arrangements  of  the  Ants  were  originated  by  the  syst 
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ration  of  numerous  citizens,  nniieretanding  each  other, 

s  observations  have  placet!  the  aatoundingly  high 

etiml  development  of  these  little  Articulated  Animals 

I  all  doubt.     With  tliis  let  us  compare,  as  Darwin 

me,  the  int«l!ectua!   capacity   of   many   lower,   and, 

Jly,  of  many  parasitic,  Insects.     There,  for  example. 

■e  Scale  Insects  (Cocctw)  which,  when  mature,  consist 

I  entirely  immovable  shield-shaped  body  attached  to 

laves   of  plants.     Their  feet   are    atrophied.      Their 

I  embedded   into  the   tissue   of  the   plant,  the 

nices  of  which  they  suck.     The  whole  mental  activity  of 

motionless  female  parasite  consists  in  the  enjoyment  it 

ives  from  sucking  these  juices  and  from  sexual  inter- 

I  r  >e  with  the  unattached  male.     The  same  is  true  of  the 

..'.:i)t-like   female    of  the  Twisted-wings    (liitrcpniptera), 

■li  spends  its    whole   Ufe,  wingless  and   foirtless,  as  a 

tinnleas  parasite  in  the  body  of  the  wasp.     There  can  be 

-tispicion  of  any  higher  mental  activity  there.     If  these 

tish  parasites  are  compared  with   tlie  mentally  active 

I   sensible  ants,  it  htU   certainly  be  admittJjd,  that  the 

I  hieal   differences  between  the  two   are  much   greater 

II  those   between   the    highest   and   lowest    Mammals, 
■M'en  Beaked  Animals  (Oiiiithostoma),  Pouched  Animals 

' '  r.^ii-iniilia),  and  Armadillos  on  the  one  hand,  and  Dogs, 
■'■■-.  and  Men  on  the  other.  And  yet  all  those  insects 
'■  'Tig.  without  question,  to  the  single  class  of  Arthropods, 
i  as  all  these  Mammals  undoubtedly  belong  to  the  single 
-  of  Vertebrates  ;  and  just  as  every  logical  adherent  of 
doctrine  of  evolution  must  assume  a  common  parent- 
■iL  for  all  those  Insects,  so  also  he  must  necessarily  assert 
miiion  descent  for  all  these  Mammala 
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Turning  now  from  observing  the  compamtm  mAi 
capacity  of  the  various  animals  to  the  question  as  iillii 
organs  of  these  functions,  we  receive  the  answer,  fliil  iiMf 
higher  animals  they  are  invariably  connected  with  onKk 
groups  of  cells,  those  cells  which  compose  the  colfl^ 
nervous  system.  All  naturalists,  without  exception,  VViin 
that  the  central  nervous  system  is  the  organ  of  theniilci] 
life  of  animals,  and  this  assertion  is  at  any  time  ei|dflite 
of  experimental  proof  If  the  central  nervous  systaiflevi 
wholly  or  partially  destroyed,  the  "mind,"  or  the  psydi4v( 
activity  of  the  animal,  is  wholly  or  partially  annihilftieid  itf 
the  same  time.  We  must,  therefore,  next  inquire  ^if^ 
the  character  of  the  mental  organ  in  man.  The  undauiiki  A: 
answer  to  this  question  has  already  been  givexL  Vii^^lde 
mental  organ  is,  in  its  whole  structure  and  origin,  the  Ml  i 
as  tliat  of  all  other  Vertebrates.  It  originates  as  a  9]8|klli 
medullary  tube  from  the  outer  skin  of  the  embryo,  fr»l( 
the  skin-sensoiy  layer,  or  the  first  of  the  secondary  gfl*! 
layers.  In  the  course  of  its  gradual  development  it  paaBft. 
through  the  same  stages  of  progression  in  the  humtt 
embryo  as  in  that  of  all  other  Vertebrates,  and  as  the* 
latter  have  undoubtedly  a  common  origin,  so  must  also  ti» 
brain  and  spinal  cord  be  of  the  same  origin  in  all. 

Physiological  observation  and  experiment  teaches,  mo^^ 
over,  that  the  relation  of  the  "  mind  "  to  its  organ,  the  brwJ 
and  spinal  marrow,  is  exactly  the  same  in  Man  as  in  aD 
other  Mammals.  The  former  can  in  no  case  act  without 
the  latter;  the  one  is  connected  with  the  other,  as  v 
muscular  movement  with  muscle.  Therefore,  the  mind  cai 
develop  only  in  connection  with  its  organ.  Adherents  ol 
the  Theory  of  Descent,  who  concede  the  causal  connection 
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pntogony  and  Pliylogeny,  are  now  compelled  to  1 
e  following  propositions :  Tlie  mind,  or  "  psyche,"  J 

lias  developed  togetlier  with,  and  as  the  function  of  J 
dullary  tube,  and  just  as  even  now  the  brain  and  j 
narrow  develop  in  each  human  individual  from  the  J 
medullary  tube,  bo  the  human  "  mind,"  or  the  mental  I 
Y  of  the  entire  human  race,  has  developed  gradually,  I 

step,  from  the  mind  of  lower  Vertebrates,     Just  as  I 
ow   in   eveiy  individual   of   the   human   race    the  I 
ful   and   complex  structure  of  the   brain  developa  ' 
f  step  from  exactly  the  same  rudiment,  from   the 
ve  simple  brain-bladders,  as   in  all   other  Skulled 
»(Cran\ota.').   so   the   human  mind   has  gradually 
^Lin  the  course  of  millions  of  years  from  the  mind 
Bikullcd  Animals ;  and  as  now  the  brain  of  every 
Qahryo  differentiates  according  to  the  special  type 
\pe-brain,  so  also  the  human  psyche  haa  historically 
tiated  from  tlie  Ape-mind. 

i  monistic  idea  will,  of  course,  be  indignantly  re- 
tjy  most  people,  who  accept  the   contrary  dualistic 
'hich  denies  the  inseparable  connection  of  the  brain 
^kind,  and  regards  "  body  and  mind  "  as  entirely  j 
^pnd  distinct;    but   how  shall  we  reconcile   thia  I 
Vf  accepted   view  with   the   facts   taught  by  the  \ 

of  evolution  ?     The  dualistic  view  is,  at  least,  aa   j 
ilably  opposed  to  Ontogeny  as  to  Phylogeny.      If  ' 
e  with  the  majority  of  men,  that  the  mind  is  a  self- 
;,  independent  being,  which  has  originally  nothing 
ith  the  body,  but  only  dwells  in  it  for  a  time,  and    , 
^ves  expression  to  its  emotions  through  the  brain, 
piaao-player  through  his  instrument,  then  we  must 
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suppose  a  period  in  the  human  germ-histoiy,  at  whki 
mind  enters  the  body,  enters  the  brain ;  and  we  mnsi 
suppose  a  moment  at  death,  at  which  it  leaves  tlie 
and  further,  as  every  man  inherits  certain  ibi 
mental  qualities  from  each  parent,  we  most  suppose 
portions  of  the  mind  of  each  were  transferred  to  the 
at  the  time  of  its  procreation.  A  little  piece  of  the 
mind  accompanied  the  sperm-cell,  a  little  piece  of 
mother's  mind  remained  with  the  egg-celL  This  d 
view  entirely  fails  to  explain  the  phenomena  of  evohti* 
We  all  know  that  the  new-bom  child  has  no  consciousnfl^ 
no  knowledge  of  itself  and  of  the  objective  world.  Wfcj- 
ever  has  children  of  his  own,  and  follows  their  mesial 
development  candidly,  cannot  possibly  deny  that  prooeatf 
of  biological  evolution  are  at  work  there.  Just  as  all  otta 
functions  of  the  body  develop  in  connection  with  ihi 
organs,  so  does  the  mind  develop  in  connection  with  tk 
brain.  And  this  gradual  development  of  the  child's  mini 
is  such  a  wonderful  and  beautiful  phenomenon,  that  evey 
mother  and  every  father  with  eyes  to  see  takes  unwearieJ 
delight  in  observing  it.  The  text-books  of  Psychologf 
alone  are  ignorant  of  any  such  development,  and  we  vt 
almost  forced  to  the  conclusion  that  their  authora  them- 
selves never  had  any  children.  The  human  mind,  as  it  b 
represented  in  the  great  majority  of  psychological  worh 
is  only  the  one-sided  mind  of  a  learned  philosopher,  wk 
indeed,  knows  many  books,  but  nothing  of  the  process  of 
evolution,  and  does  not  suspect  that  even  his  own  mind  bs 
developed. 

These   same   dualistic  philosophers  must^  of  course,  if 
they  are  consistent,  also  assume  tliat  there  was  a  moment 
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the  Phylngeny  of  the  human  mind  at  which  tliis  mind 
■  entered  the  vertebrate  body  of  man.  Accordingly,  at 
me  when  the  human  body  developed  from  the  botly 
be  Anthropoid  Ape  {thus,  probably,  in  the  latter  part  of 
tiary  Period),  a  specific  human  mind-element — or,  as  Jt 
klly  expressed,  a  "  divine  spark  " — must  have  suddenly 
J  or  been  breathed  into  tlie  brain  of  tlie  Anthvopoiii 
there  have  associated  itself  with  the  already 
;  Ape-mind.  I  need  not  point  out  the  theoretic 
piiea  involved  in  this  conception.  I  will  only  remark 
1  this  "  divine  spark,"  by  which  the  mind  of  Man 
I  to  be  distinguished  from  that  of  all  other  animals, 
Pit«elf  be  a  thing  capable  of  evolution,  and  has  actually 
3eveloi>ed  progressively  in  the  course  of  human  histojy. 
This  "  divine  spark  "  ia  usually  understood  to  be  "  reason," 
BJid  is  ascribed  to  man  as  a  mental  function  distinguishing 
bim  from  all  "  irrational  animals."  Comparative  Psycho- 
logy, however,  teaches  that  this  frontier-post  between  man 
ftod  beast  is  altogether  untenable."*  We  must  cither  take 
the  idea  of  reason  in  its  broader  sense,  in  which  case  it 
belongs  to  the  higher  Mammals  (the  Ape,  Dog.  Elephant, 
Horse),  as  much  as  to  the  majority  of  men ;  or  we  must 
conceive  it  in  its  narrower  sense,  and  then  it  ia  lacking  in 
the  majority  of  men,  as  well  aa  in  most  animals.  On  the 
ffhole,  that  which  Goethe's  Mephistophelea  said  of  bia  time, 
■  true  of  Man's  reason  to-day : 

"  He  img\A  bare  Itept  hioiit^ir  more  right 
Badiit  TboQ  ne'er  ahcwn  to  bim  a  gliiopse  of  hcBTen's  tight. 
He  call*  it  Roaann,  bui  Thnn  seest 
IM  nwi  bat  tuakes  him  beMllior  tlian  the  beaat." 

L  thereftns,  we  must  abandon  this  generally  preferred. 
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and,  in  many  respects,  very  pleasant  dualistic  theoiyod 
mind,  as  being  wholly  untenable,  because  ineconcU 
with  genetic  facts,  then  the  opposite  monistic  view  all 
remains  to  us,  according  to  which  the  human  mind,! 
that  of  any  other  animal,  is  a  function  of  the  central  nm 
system,  with  which  it  has  developed  in  inseparabk  < 
nection.  Ontogenetically,  we  see  this  in  every  di 
phylogenetically,  we  must  assert  it  in  accordance  with 
fundamental  law  of  Biogeny.  In  every  human  eml 
the  medullary  tube  develops  from  the  skin-sensory  h 
and  from  the  anterior  part  of  that  tube  the  five  h 
bladders  of  Skulled  Animals  (Craniota),  and  from  \ 
the  mammalian  brain  (at  first  with  the  characteristii 
the  lower,  then  with  those  of  the  higher  Mamn 
Just  as  this  entire  ontogenetic  process  is  but  a  short  n 
duetion,  occasioned  by  Heredity,  of  the  same  process  ii 
Phylogeny  of  Vertebrates,  so  also  the  wonderful  m 
activity  of  the  human  race  has  gradually  developed, 
by  step,  in  the  course  of  many  thousands  of  years,  fit)ni 
less  perfect  mental  activity  of  the  lower  Vertebrates, 
the  evolution  of  the  mind  in  each  child  is  only  a 
reproduction  of  that  long  phylogenetic  process. 

The  extraordinary  and  important  bearing  of  Ani 
pogeny  on  Philosophy,  in  the  light  of  the  fundamental  ] 
ciple  of  Biogeny,  now  becomes  apparent.  The  specul] 
philosophers  who  will  take  possession  of  the  facts  of 
togeny  and  explain  them  phylogenetically  (according  to 
law),  will  introduce  a  greater  advance  in  the  histoi 
Philosophy  than  has  been  made  by  the  great^t  thinke 
all  previous  centimes.  Undoubtedly  every  dear  and  loj 
thinker  must  draw  from  the  facts  of  Comparative  Anat 
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)geny  which  have  been  brought  forward,  a  mass 
mf  saggestive  thoughts    and   ruSections  which  cannot   fail 
^  their  effect  on  the  further  development  of  the  philo- 
ibical  study  of  the  universe.     Neither  can  it  be  doubted 
t  these  facts,  if  properly  weighed,  and  judged  without  pre- 
!,  will  lead  to  the  decisive  victory  of  that  philosophical 
idency,  which   we    distinguish,  briefly,  as   monistic   or 
nical,  in  distinction  fi'om  the  dualistic  or  telcoloyical, 
m  which  most  philosophical  syMtcms  of  ancient,  medieval, 
,.nd  modern  times  are  based.     This  mechanical,  or  monistic 
I'litlosopliy,  as.'serts    that  everyTrhere    the    phenomena    of 
hitnan  life,  as  well  as  those  of  external  nature,  are  under 
rfiL-  control  of  fixed  and  unalterable   laws,  that  there   is 
everywhere  a  necessary  causal  connection  between  pheno- 
inioia,  and  that,  accordingly,  the  whole  knowable  universe 
_  fumis  one  undh'ided  whole,  a  "Tnono-n."     It  further  aaseits, 
all  phenomena  are   produced   by  mechanical   causes 
!  effidenies),   not  by  pre-arranged,  purposive  causes 
e  finales).     Hence  there  is  no   such   thing  as  "  free- 
in  the  usual  sense.     On  the  contrary,  in  the  light  of 
I  monistic  conception  of  nature,  even  those  phenomena 
1  we  have  been  accustomed  to  regard  as  most  free  and 
lependcnt.  the  expressions  of  the  human  will,  ayipear  as 
Heat  to  fixed  laws  as  any  other  natural   plienoniei 
sed,  each  unprejudiced  and  searching  test  applied  to  the 
|on  of  our  "  free-will "  shows   that  the  latter  is  never 
By  free,  but  is  always  determined  by  previous  causal 
iditions.  which  are  eventually  referableeitherto  Heredity 
*>  to   Adaptation,     Accordingly,   we  cannot  assent  to  the 
^ular    distinction   between   nature    and    Spirit.      Spirit 
B  everywhere  in  nature,  and  we  know  of  no  8]>irit  ou^ 
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side  of  nature.  Hence,  also,  the  usual  distinction  b 
natural  science  and  mental  science  is  entirely  nnt 
£very  real  science  is  at  the  same  time  both  a  natural 
mental  science.     Man  is  not  above  nature,  but  in  nat 

The  opponents  of  the  doctrine  of  evolution  are  vei 
of  branding  the  monistic  philosophy  grounded  upo: 
"  materialism/'  by  confusing  philoaophiccU  materiahs 
the  wholly  different  and  censurable  moral  matei 
Strictly,  however,  our  "  monism  "  might,  as  accurate! 
inaccurately,  be  called  spiritualism  as  materialisn 
real  materialistic  philosophy  asserts,  that  the  vital 
mena  of  motion,  like  all  other  phenomena  of  moti 
effects  or  products  of  matter.  The  other,  opposite  e; 
spiritualistic  philosophy,  asserts,  on  the  contrar 
matter  is  the  product  of  motive  force,  and  that  all  d 
forms  are  produced  by  free  forces  entirely  indepen 
the  matter  itself  Thus,  according  to  the  mate 
conception  of  the  universe,  matter,  or  substance,  t 
motion,  or  active  force.  According  to  the  spiritualis 
ception  of  the  universe,  on  the  contrary,  active  i 
motion  precedes  matter.  Both  views  are  dualistic,  i 
hold  them  both  to  be  equally  false.  A  contrast  1 
views  is  presented  in  the  monistic  philosophy,  which 
little  believe  in  force  without  matter,  as  in  matter  i 
force.  It  is  only  necessary  to  reflect  on  this  for 
from  a  strictly  scientific  standpoint,  to  find  that  o 
examination  it  is  impossible  clearly  to  represent  i 
without  the  other.  As  Goethe  says,  "Matter  car 
exist  and  act  without  spirit;  neither  can  spiiit  ^ 
matter."  ^ 

The  "  spirit "  and  "  mind  "  of  man  are  but  forces 
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1^  ineeparably  conoected  witb  tbe  material  substance  of 
>iv  bodies.    Just  as  the  motive  force  of  our  Besfa  is  iarolved 

the  muscular  form-element,  so  is  the  thinking  force  of 
spirit  involved  in  the  form-element  of  the  brain.  Our 
,  itual  forces  are  as  much  funcUoua  of  this  part  of  the 
"ly,  as  every  force  is  a  function  of  a  material  body.  We 
now  of  no  matter  which  does  not  possess  force,  and,  con- 
versely, of  no  forces  that  are  not  connected  with  matter. 
When  the  forces  manifest  themselves  in  tho  pheuomona  of 
motion,  they  are  called  active  forces ;  if,  on  the  other  hand, 

■  I  ■  forces  )ire  in  a  state  of  rest,  or  of  equilibrium,  they  are 

;ied  latent  forces.**     This  is  as  true  of  inorganic  natural 
i  istauccs  as   of  organic.      The   magnet   attracting   iron- 

■  111^  powder  exploding,  steam  driving  the  locomotive,  are 
'  i  ve  inorganic  substances ;  they  work  by  active  force  just 

■  loea  the  sensitive  mimosa,  when  it  folds  its  leaves  at  a 
n  h, — aa  does  the  Amphioxus,  when  it  buries  itself  in  the 
f.d, — as  does  man,  when  he  thinks.  Only  in  these  latter 
I  ^t;3  the  combination  of  the  different  forces,  appearing  as 
'lonomena  of  motion,  are  much  more  complex  and  mucli 
.■j.'i.s  easily  recognized  than  in  the  former  cases. 

Anthropogeny  has  led  us  to  the  conclusion  that  even  in 

the  entire  history  of  the  evolution  of  man,  in  the  history  of 

111'  germ,  as  well  as  in  that  of  the  tribe,  no  other  active 

Ti'.^s  have  been  at  work,  than  in  the  rest  of  organic  and 

I  irgauic  nature.     All  the  forces   at  work   there   can   be 

'  it.iced  at  last  to  growtk — to  that  fundamental  ftmctton  of 

liution  by  which  the  forms  of  inorganic,  as  well  as  of 

i  ir^anio  bodies,  originate.     Growth,  again,  itself  rests  on  thu 

attraction  and  repulsion  of  like  and  unlike  particles.^"*     It 

has  given  rise  to  Man  and  to  Ape,  to  Falm  and  Alga,  to 
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crystal  and  water.  Hence  the  evolution  of  man  hastahi 
place  according  to  the  same  "  eternal,  immutable  kn 
as  has  the  evolution  of  any  other  natural  body. 

It  is  true  that  the  prejudices  that  stand  in  the  waj  i 
the  general  recognition  of  this  "  Natural    Anthropogenj' 
are  even  yet  intensely  powerful;    otherwise    the  snaai 
strife   between   the   various    philosophical    systems  wooM 
already  have  been  decided  in  favour  of  "Monism."   Brt 
it   can  be  foreseen  with  certainty   that   a   more  gencri 
acquaintance   with   genetic  facts,    will    gradually  destrojr 
those    prejudices    and    bring    about    the    victory   of  ike 
natural   idea  of  "  Man  s   Place  in  Nature."      The   fear  is 
often  expressed  in  opposition  to  this  view  that  it  will  am 
a  retrogression  in  the   intellectual  and  moral  developmeot 
of  man ;  but,  on  the  contrary,  I  cannot  withhold  my  convi^ 
tion,  that  the  very  reverse  will  be  true,  that  by  it  the  pro- 
gressive development  of  the  human  spirit  will  be  advimeed 
in  an  unusual  degree.     At  aU  events,  I  hope  and  trust  tkt 
I  have,  in  these  chapters,  afforded  convincing  proof  thit 
the  only  way  to  attain  a  true  scientific  knowledge  of  the 
human  organism,  is  by  employing  the  method  which  we 
must  acknowledge  to  be  alone  correct  and  successful  in  the 
study  of  organic  nature, — ^by  following  the  course  of  the 
History  of  Evolution.^ 


NOTES. 

I  REMARKS  AND  REFERENCES  TO  LITERATUaS. 


1  (vol.  i.  p.  2).  Anthropogeny  (Greefc)  =  Hiatory  of  the  Ei^olii- 
n  of  Man ;  from  Aatbropos  {a>/0fna^o^)  =  man,  and  genoa  (yand.) 
BTolvtion  history.     There  is  no  especial  Greek  word  for  '■  vhff 

lory  of  CTolution;"  in  its  place  is  used  either  ytun  (=  de- 
Hit),  or  yovcta  (=  generation).  If  goneia  iB  preferred  to 
'  word  mnat  be  writtea  Atithropogony.  Tbe  word 
InfArvpor/on^,"  used  first  by  Josephas,  means,  however,  only 
e  geuwation  of  man."  Ocneais  (ycMiris)  means  "  origination, 
\  «volation|"    therefore  AtUhropogeneeit  ^  "  tiie  evolutiua  of 

2  (i.  8).  Embryo  (Greek)  =  germ  (tn^pvov).  lUally  to  ivroi 
(  yatrrpoi  ppvov  (Eiiflt,),  t.e.  the  unborn  germ  in  tbe  mother's 
tdy  (liittin  fiBtna,  or,  butter,  fetna).     In  act'onlitnce  with  this 

vicinal  aenae,  tlie  term  embryo  ahoald  only  be  applied  to  those 

inng  organisms  which  are  still  enclosed  in  the  egg-coveringa. 

,  "  Generelle  Morpbologie,"  vol.  ii.  p.  20.)    Inaccnrately,  how- 

,  rarioQs  free-moving  young  forma  of  low  animals  (larvae) 

e  often  apoken  of  as  embryos.      Embryonic  life  ends  at  birth. 

3  (i.  5).  Embryology  (Greek)  =  Germ-science,  from  embryon, 
iPpvov)  —  germ,  and  logos  (Aoyat)  ^  science.  Even  now  tha 
lole  history  of  the  evolution  of  tiio  individnal  is  erroneonaly 

"embryology."  For  corroapondiog  with  the  term 
Wbryo"  (see  note  2),  by  "embryology,"  or  "  emhryogony," 
fcnld  only  be  uuilentood  "  the  history  of  the  evcilutiou  of  the 
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individaal  within  the  egg-coverings.*'     As  soon  as  the 
has  left  there,  it  is  no  longer  a  real  '*  embryo."    The  later  1 
of  this  form  the  sabject  of  the  science  of  Metamoiphofiei^i 
Metamorphology, 

4  (i.  5).  Ontogeny  (Greek)  =  "germ-history,"  or 
history  of  the  evolution  of  the  individual ;  "  from  6m-h 
viduals,  and  genea  (ycvca)  »  history  of  evolntion.  (Of.  note 
Ontogeny,  as  the  "  history  of  the  evolution  of  the  individuC] 
embraces  both  Embryology  and  Metamorphology  (note  $).' 
"  Oenerelle  Morphologic,"  vol.  ii.  p.  30. 

5  (i.  5).  Phylogeny  (Greek)  =  tribal  history,  or  "  ihe  p 
IsBontological  history  of  evolution ; "  from  phylon  (^vXw)=tiih 
and  genea  (ycvca)  « history  of  evolution.  The  phylon  indtiA 
all  organisms  connected  by  blood,  which  are  descended  from 
common  typical  parent-form.  Phylogeny  includes  Pabeontolo 
and  Genealogy. — "  Generelle  Morphologic,"  vol.  ii.  p.  305. 

6  (i.  6).  Biogeny  (Greek)  =  the  history  of  the  evolution 
organisms  or  of  living  natural  bodies  in  the  widest  ae 
(Genea  tu  biu.)     ^105  =  life. 

7  (i.  6).  The  fundamental  law  of  Biogeny.  Cf.  my  "Gren 
History  of  the  Evolution  of  Organisms" (**  Generelle  Morpholo^ 
18G6,  vol.  ii.),  p.  300  (Essays  on  the  causal  connection  of  biogei 
and  phyletic  evolution)  ;  also  the  "  Monograph  of  C 
Sponges  "  ("  Monographic  der  Kalkschwamme,"  18/2,  voLi. 4 
also  my  "  Natural  History  of  Creation," 

8  (i.  10).  Palingenesis  (Greek)  =  original  evolution,  i 
palingenesia  (TraAirycvco-ta)  =  new-birth,  renewal  of  the  foi 
course  of  evolution.  Therefore,  Palingeny  =  inherited  his 
(from  7raA.tv  =  reproduced,  and  -ycvca^ history  of  evolution). 

9  (i.  10).  Kenogenesis  (Greek)  =  modified  evolution,  f 
kenos  (iccvo?)  =  strange,  meaningless;  and  genea  (y€i'€a)=:his 
of  evolution.  The  modifications  introduced  into  Palingei 
by  Kenogenesis  are  vitiations,  strange,  meaningless  addition! 
the  original,  true  course  of  evolution.  Kenogeny  =  vitii 
history. 

10  (L   12).    Latin  definition  of    the  fandamental    law 
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iy :  "  OntojeneBiB  aammariura  vel  recap! tulatio  eat  phj 
seoa,  tanto  integrins,  quanto  hereditate  palingenesis  coi 
□r,  tauto  miaas  integrum,  quanto  adaptatjone  kenogenesi 
ncitur."  Cf.  my  "Aims  and  Methods  of  Recent  History 
olntion  "  ("  Ziule  und  Woge  der  Hentigen  Entwicbeli 
cbte,"  p.  77.     JePEi,  1S76), 

(i.  17).  Mechauical  and   purposive  causes.      Mecbanif 
il  pbiloaopliy  aasames  that  throagfaont  nature,  in  orgai 
1  as  in  inorganic  processes,  only  non-purposive,  raechaaical]' 
arily-working  cansea  eiiat  (caumB   e^cientes,  mechanism,, 
ily).     On   the  other  hand,    vitalistic   natnral    philosophy 
I  that  the  Latter  are  at  work  only  in  inorganic  processes, 

in  certain  other,  pnrposive,  special  canses  are  at  work, 
ana  or  purposive  causes,  working  for  a  definite  end  (eai«(» 
,  Viiallsm,  Telnoloify').  (Cf.  "  Generelle  Morphologie,' 
p.  94.) 

(i.  17).  Monism  and  Dualism.  Unitaty  philosophy, 
m,  ia  neither  extremely  materialistic  nor  extremely  spirit*" 
c,  but  resembles  rather  a  union  and  combination  of  thi 
m1  principles,  in  that  it  conceives  all  nature  aa  one  whole 
□where  rcicognizea  any  bnt  mechanic-al  causes.  Binary 
iphy,  on  the  other  hand,  or  Dualism,  regards  nature  and 
matter  and  force,  inorganic  and  organic  nature  as  distinct 
dependent  existences.     (Cf.  vol.  ii.  p.  456.) 

(i.  20),  Morphology  and  Physiology.  Morphology  (aa 
ience  of  forms)  and  Physiology  (as  the  science  of  the 
jns  of  organiBras)  are  indeed  connected,  but  co-ordinate 
SB,  independent  of  each  other.  The  two  together  constitute 
y,  or  the  "science  of  organisms."  Each  has  its  peculiar 
ds  and  aids.     (Cf.  "Generelle  Morphologic,"  vol.  i.  pp. 

) 

(i.  2-1),  Morphogeny  and  Physiogeny.     Eiogeny,  or 
iry  of  the  uTolution  of  organisms."  np  to  the  present  ti 
sen    almost  cxcluBively  Morphogeny.     Jnst   as    tUJa  6\ 
the  way  to  a  true  knowledge  of  organic   forms, 
igeny  afterwards  make  a>  tme  recognition  of   fonctioi 
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possible,  hy  diflcovering  their  historio   evoIiitioiL     Kb 
promisee  to  be  most  fraitfoL     Cf.  **  Aims  and  Methoda 
Recent  History  of  Evolution "  (''  Ziele  nnd  Wege  der  He 
Entwickelongsgeecbicbte,"  pp.  92-98.    Jena,  1876). 

15  (i.  27).  Aristotle.  Five  books  on  the  generstia 
eyolation  of  animals  (yr€fH  lumy  ycvccrcos). 

16  (L  28).  Parthenogenesis.  On  '' virginal  genen 
or  the  *'  immacnlate  conception  "  of  Invertebrates,  espedi 
Articulated  Animals  {Onut<ice<i^  InsectOj  etc.),  see  Si 
"Remarks  on  Parthenogenesis  among  Arthropoda "  (^ Be 
Eur  Parthenogenesis  der  Arthropoden.'*  Leipzig,  1871).  < 
Seidlitz,  *'  Parthenogenesis  and  its  Illation  to  other  For 
Generation  in  the  Animal  Kingdom  "  ("  Die  Parthenogenes 
ihr  Yerhaltniss  zu  den  ubrigen  Zeugungs-Arten  im  Thierr 
Leipzig,  1872). 

17  (i.  34).  The  Preformation-theory.  This  theory 
Germany,  usually  called  "  Evolutions-theorio,**  in  distincticm 
the  "  Epigenesis-theorie."  As,  however,  in  England,  Franc 
Italy,  the  latter  is,  on  the  contrary,  usually  called  the  the 
evolution,  evolution  and  epigenesis  being  used  as  synon^ 
terms,  it  appears  better  to  call  the  former  "  the  theory  0 
formation."  Recently  Kolliker  has  called  his  **  theory  of  l 
genous  generation"  "Evolutionism"  (note   47).     Cf.  pi 

p.  XXX. 

18  (i.  37).  Alfred  KirchhofF,  "Caspar  Friedrich  Wol 
Life  and  Teaching  in  the  Science  of  Organic  Evolutic 
**  Jenaische  Zeitschrift  fiir  Naturwissenschaft,"  1868,  vi 
p.  193. 

19  (i.  43).  Part  of  the  writings  left  by  Wolff  have  n( 
been  published.  His  most  important  works  are  the  disser 
for  the  degree  of  doctor,  Theoria  generationis  (1759),  an 
model  treatise  "  de  formatione  intcstinorum  "  (on  the  foru 
of  the  intestinal  canal). — "  Nov.  Comment.  Acad.  Sc.  Petro 
zii.  1768;  xiiL  1769.  Translated  into  German  by  M 
Halle,  1812. 

20  (i.  51)    Christian  Pander, '*  Ht^^ona  metamorphoseos, 
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nm  incabfttnin  prionbuB  qainqae  diubuB  aabit."  Ticebergi, 
1 7.  (Disserfatio  inan^aralis.)  "  CoDtribationa  toward  the 
''■rj  of  the  evolntionoE  the  chick  within  the  egg."  ("Beitriige 
I'lutwickelaagsgescbichte  dea  HiilmchenB  im  Eie."  Wilni- 
■,-,  181 7-) 

11  (i.  5'2).  Karl  Emat  Baer,  "On  the  Evolution  of  Animals. 

-  iTationsand  Reflcctiona"  ("  Ueber  Entwickelungsgesohichte 

riiiere.     Beobachtung  und  Rcfleition."    2  vols.     Kiinigaberg, 

.  7  1^37).     In  addition  to  this  chief  work,  cf.  "  Story  of  the 

and  Writings  of   Dr.   Karl  Emat  Baer,  told  by  himself" 

'..nhrichton  ubor  Leben   mid    Schriften   des  Dr.  Karl   Ernst 

r,  mitpetheilt  von  ihtn  selbst."     Petersburg,  18t>5). 

:■!  a.  m).  AlbeH  Kolliker.    His  "  History  of  the  Evolution  of 

iiud  the  Higher  Animals  "  ("  EntwickelnngageBchichte  dea 

...ben  mid  derhiiheren  Thiere").    The  2nd  (corrected)  edition, 

,  <:oDtaitiB  (pp.  28-iO)  a  catalogne  of  ontogenetic  literature. 

'he    newer   contribntions   to    thia,   cf.   the    " Jahresberichte 

r  liie  Leistungen  und  Fortscbritt«  der  Medicin  "  (Berlin),  by 

h.:.wand  Hiracb  (the  "History  of  Evolution,"  by  Waldeyer) ; 

rlie  "  JfthrcsberifbtB  uber  die  FortschrJtte  der  Anatoraie  nnd 

■.  -iologic,"by  Hoftnannand  Schwalbe  (Leipzig);  the  "History 

f  Evolution,"  by  E.  He rt wig  and  Nitsche.     Most  of  Kowalev- 

ky'a  refiearchos  are  contained  in  the"MemoirM  de  I'Acad^mie 

Up^rtale  de  St.  Petersburg  "  (from  the  year  18C6).     Olhera  are 

■nblislied    in    Mai    ScbaUze'a    "Arobiv     fiir     mikroskopiache 

UMtomie,"  and  in  other  periodicals. 

23  (i.  CO).  Theodor  Schwann,  "  Microscopic  ResearcheB  into 
he  Identity  in  Strncture  and  Growth  of  Planta  and  Animals  " 
"  Mikroskopische  Untersuchnngen  iiher  die  Ueberoinstimmung 
p  der  Slmctur  and  Wachathum  der  Thiere  nnd  PBanien." 
JorUn.  1839). 

34  (I  69).  Ernst  Haeckel,  the  Oastrffia  Theory,  pbylogenetic 
lassificatjon  of  the  animal  kingdom  and  bomobigy  of  the  germ< 
R,yers. — "  Jenaisoho  Zuttschrift  fiir  Naturwissouschaft,"  vol,  viii. 
874,  pp.  1-56. 

25    (i.    75).    Ernst    Haeckel,    "The    History  of  Creation." 
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26  (i.  81).  Fritz  Schnltze,  *'  Kant  and  DarwuL**   A 
tribntion  to  the  history  of  the  scienoe  of  evoliitioii.    Jena^ 

27  (i.  81).  Immannel  Kant,  "  Critique  of  Teleologicil 
son  "  C'  Kritik  der  teleologischen  UrtheUskriift  ")•  l^^O.  {I 
and  §  79.     Cf .  also  my  "  History  of  Creation,"  vol.  i.  p.  101 

28  (i.  83).  Jean  Lamarck,  "  Philosophie  Zoolc^iqnei « 
Exposition  des  Considerations  relatives  k  I'histoire  natnrelk  U 
animanx,"  etc.  2  Tomes.  Paris,  1809.  Nonvelle  Edition,  m^ 
et  prec6d6e  d'nne  introduction  biographiqne  par  Charles  MaM 
Paris,  1873. 

29  (i.  88).  Wolff^ng  Goethe  on  Morphology  (zor  Itx^ 
logie).  The  formation  and  re- formation  of  organic  bodies.  0 
Goethe's  morphological  studies,  cf.  Oscar  Schmidt  ("GoelU 
Verbal tniss  zu  den  organischen  Naturwissenschaften."  Jei 
1853).  Rudolph  Virchow,  "Goethe  as  a  Naturalist"  (Be* 
1861).  Helmholtz,  "On  Goethe's  Natural  Scientific  Worfa 
(Brunswick,  1865). 

30  (i.  96).  Charles  Darwin.  His  chief  work  is  "  On  t 
Origin  of  Species  by  means  of  Natural  Selection  "  (1859). 

31  (i.  99).  Darwin  and  Wallace.  The  general  outlines 
the  theory  of  selection  were  discovered  independently  by  Dan 
and  Wallace.  It  does  not,  however,  follow  that  the  serri 
of  the  latter  in  furthering  the  science  of  evolntion  are  at 
comparable  with  those  of  the  former.  As  many  opponents 
Darwin,  especially  the  English  Jesuit  Mivart,  have  reoen 
endeavoured  to  exalt  Wallace  at  the  expense  of  Darwin,  and 
depreciate  the  latter,  I  take  this  opportunity  of  expressly  a« 
ing  that  Darwin's  services  are  very  far  the  greater. 

32  (i.  101).  Thomas  Huxley.  In  addition  to  the  wo 
mentioned  in  the  text,  the  following  popular  works  are  espedi 
to  be  recommended :  "  On  Our  Knowledge  of  the  Causes 
Phenomena  in  Organic  Nature,"  and  the  "  Elementary  Pi 
Biology"  (1871). 

33  (i.  101).  Gustav  Jaeger,  "  Zoological  Letters"  ("Zoologiw 
Briefe."  Vienna,  1876),  and  the  "  Text-book  of  General  Zoolog 
(**  Lehrbuch  der  Allgemeinen  Zoologie."     Stuttgart,  1876). 


4(J5 


t  NOTES. 

i'(L  101).  Friedrich  Rolle,  "Man,  hia  Descent  and  Morality 
eated  in  the  light  of  the  Darwinian  Theory,  and  on  the 
of  Rccetit  Geological  Discoveries  "  ("  Der  Menach,  seine 
^■tftinmung  nnd  Geaittang  im  Lichte  der  DdTwin'achen  Lebre," 
»-.).     Frankfort,  186i5. 

35  (L  102).  Emat  Hacckel,  "  Generelle  Morphologie  der 
~)^nismen."  General  outlioeB  of  the  science  of  organic  forma, 
^■cbanicttlly  shown  in  accordance  with  the  theory  of  descent  as 
Cbrmed  by  Charles  Darwin.  Vol.  i.,  "  General  Anatomy  ;  " 
■lii,,  "  General  History  of  Evolution."     Berlin,  186fj. 

36  (i.  10:)).  Charles  Darwin,  "The  Descent  of  Man,  and 
Sfleftion  in  Ruhition  to  Se»."     2  vole.     London,  1871. 

3"    (i.  108).    Karl  Gegenbaur,    "Ootlines  of   Comparative 

*-mtomy"  ("Ornndriige  der  vergleichenden  Anatomie."  Leipzig. 

■-  In!.,  1870).  "Elementsof  Comparative  Anatomy  "("Grnndrias 

V  i.Tgleicheoden  Anatomie."     3rd  (improved)  edition,  1874;). 

>  {i.  11-t),  Migration -theory.     Moritz  Wagner,  "The  Dar- 

.  Ill  Theory  and  the  Law  of  Migration  of  Organbms"  ("Die 

..  m'ache    Theorie    und    daa   Mittrations-geaetz   der   Organ- 

!i,"    Leipzig,  18t!8),    August  Weismann,  "  On  the  Inflaenoe 

;  -.'ladon  in  the  Formation  of  Species  "  ("  Ueber  den  Kinflaes 

■^r  Isolirnng  aof  die  Artenbidnng."     Leipzig,  1871). 

39  (i.  llti).  Cams  Sceme,  "Bvolntiooand  Disaolution"  ("  Wer- 
«n  and  Vergehen  ").  A  popular  history  of  the  evolotion  of 
^ture  as  a  whole.  Berlin,  1376.  Agassis  a  "£onnder"  of 
^taral  science.     "  Gegenwart."     Berlin,  1876. 

40  (L  117).  Ernst  Haeekel,  "The  Chalk-sponges "  ("Die 
^alkschwamme ;  Calcispongien  oder  Grantien."  Berlin,  1872). 
^  munograph  and  an  attempted  solution  of  the  problem  of  the 
«-i],'in  of  epociea.     Vol.  i.,  "  Biology  of  Chalk -sponges ;  "  vol.  ii., 

Cbissification  of  Chalk-sponges;"  voL  iii.,  "Atlas  of  Chalk- 
1  ■.luges"  (with  60  plates). 

■il  (i.  l'J4).  On  the  Individuahty  of  Cells  and  recent  refonna 
'  •  '!i<;  call-theory,  cf.  my  "  IndividaaUtatslchre,"  or  "  Tectohigie  " 
Miicrelle     Morphologie,"    ToL    i.    pp,     239-274).       Rudoli 
now,  "CellnliU'  Palhologie."     4tli  edlUoii.     Berlin,  1871. 
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42  (i.  130).  ''The  Plastid-theorj  and  the  Oell-ihfiajt 
<*  Jenaische  Zeitschrift  fur  Natnrwiasenacbaft^*'  1870,  tqLi 
492. 

48  (i.  138).  Gegenbaur,  '<  On  the  Stracinre  and  EroltA 
Vertebrate  Eggs  with  Partial  Yelk-cleavage,"— "  ArchiTti 
u.  Phys."  1861,  p.  491. 

44  (i.  153).  Ernst  Haeckel,  ''On  Division  of  Labour  in  Kt 
and  Hnman  Life,"  in  the  collection  of  Lectares  bj  Yiid 
Holtzendorf,  1 869.     Sect  78.     2nd  edition. 

45  (i.  160).  Monogyny  (Oeneratio  neulralis).  On  them 
forms  of  asexnal  reproduction  (Schizogony,  Sporogonj,  etic 
"  G^nerelle  Morphologie,"  vol.  ii.  pp.  36-58. 

46  (i.  160).  Amphig^ny  {Oeneraiio  sexualis).  OntheTi 
forms  of  sexual  reproduction  (Hermaphroditism,  Gonochc 
etc.),  see  **  Generelle  Morphologic,"  vol.  ii.  pp.  58-69. 

47  (i.  168).  Fitful  evolution  and  gradual  evolulioiL 
theory  of  fitful  evolution  has  recently  been  developed  espt 
by  Kolliker,  who,  under  the  title  of  heterogeneous  gene: 
opposes  it  to  gradual  evolution  as  maintained  by  us  ("  Ze 
f .  Wissens.  Zool.,"  vol.  xiv.  1864,  p.  181,  and  "  Alcyonaria,*' 
pp.  384-415).  This  theory  is  distinguished  by  assuming  < 
unknown  causes  for  the  "  fitful  evolution  of  species,"  a  so 
"  great  law  of  evolution "  (an  empty  word  indeed !).  ( 
contrary,  we  see,  with  Darwin,  in  the  facts  of  Heredi 
Adaptation  sufficient  known  (partly  inner,  partly  ei 
physiological  causes,  which  explain  the  gradual  evolui 
species  under  the  influence  of  the  struggle  for  existence. 

48  (i.  170).   Immaculate    Conception   never    occurs 
vertebrate  tribe.    On  the  other  hand,  parthenogenesis  free 
occurs  among  Articulated  Animals  (Arthropoda)  (note  16) 

49  (i.  171).  Fertilization  of  Flowers  by  insects.  ( 
Darwin  on  **  The  various  contrivances  by  which  Briti 
Foreign  Orchids  are  fertilized  by  Insects."  Hermann  Mu 
"The  Fertilization  of  Flowers  by  Insects,  and  the  corr 
adaptations  of  both"  ("Die  Befmchtung  der  Blamen 
Insecten  und  die  gegenseitigen  Anpassungen  Beider  "j.     ^ 
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ition  to  onr  knowledge  of  canaal  connection  in  organic 
T«.     Leipzig,  1873. 

•O  (i.  178).  The  Process  of  FflrtiliKation  lifts  been  very 
mslf  viewed,  and  was  formerly  often  regarded  aa  an 
•^j  mjsterions  process,  or  even  aa  a  anpemataral  tniraclc. 
Ow  appears  no  more  "  wonderfnl  or  Bnpemataral  "  tban  the 
ess  of  digestion,  of  maacnlar  movement,  or  of  any  other 
liological  fnnction.  For  the  earlier  viewa,  of.  Lenckart, 
ole  "Zengnng"  (generation)  in  B.  Wagner's  "Dictionary 
liyeiology."  1850. 

»1  (i.  179).  Monemla.  The  simple,  very  transient,  kernel- 
condition,  which  we  briefly  call  the  "monorula,"  and,  in 
Tdance  with  the  fandamental  law  of  Biogeny,  regard  as  8 
Dgenetic  reprodnction  of  the  phylogcnetic  Moneron  parent- 
D,  appears  to  vaiy  to  some  extent  in  different  orgauisma, 
icially  in  the  matter  of  dnration.  In  those  cases  in  which 
10  longer  occurs,  and  in  which  the  kernel  of  the  fertilized 
persists  wholly  or  partially,  we  may  regard  this  phenomenon 
b  later,  kenogenetic  curtailment  of  Ontogeny. 

52  (i-  181).  The  Plasaon  of  the  monenila  appears,  mor- 
logicaUy,  a  homogeneons  and  structnrelesa  substance,  like 
I  of  the  Moneron.  This  is  not  contradicted  by  the  fact  that 
ascribe  a  very  complex  molecular  stmctnre  to  the  plastidnlea, 
" plasson-molecnlee,"  of  the  monerula;  this  latter  will 
irally  be  more  complex  in  proportion  as  the  organism  which 
mtiogeneticoliy  constitntea  is  higher,  and  as  the  anceatnil 
9S  of  that  organism  ia  longer,  in  proportion  as  the  preceding 
tesaes  of  Heredity  and  Adaptation  are  more  nnmeroita. 

53  (i.l82).  The  Fundamental  Significance  of  the  Parent-ceil. 
^nlft,  as  the  fonndation-stone  of  the  yonng  organism  in  the 
!ve  of  development,  can  only  be  rightly  appreciated,  if  the 
,  taken  in  its  conptitntion  by  the  two  generating  colls  is 
itJy  appreciated,  the  part  taken  by  the  male  sperm-ceil  and 
he  female  egg-cell. 

54  0-  IS-i).  The  One-celled  Germ-organiam,  like  the  act  of 
ilizatioa  from    which   it    lesnlta,    has   been   very    variously 
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Tiewed.    Cf .  on  tbia  sabjeot,  in  addition  to  Che  fenr  u 
works,  here  qnoied,  bj  Anerbacb,  Butscbli,  Hertfng,  tnd 
bnrger,  the  most  reoent  annals  of  the  prog^reBS  of  tiie  hiitaqfi 
evolution   (Waldejer   in  Yirchow-Hirsch's   ^Jahresl 
Berlin;    Hertwig    in    Hofmann-Schwalbe*8  ** Jahresbeiidilpfl 
Leipzig). 

55  (i.  185).  Protosoa  and  Metaioa.  Gf .  yoL  L  p.  248;  El 
The  Protozoa  and  Metasoa  are  genetioallj  and  anatomicallj  I 
very  distinct,  that  the  former,  as  Protista,  may  even  be  exdiiU 
entirely  from  the  animal  kingdom,  and  may  be  regarded  tti 
neutral  intermediate  kingdom  between  the  plant  and  vum 
kingdoms. — **  Generelle  Mbrpholog^e,'*  yoL  L  pp.  191-280.  k 
oording  to  this  view  the  Metazoa  alone  are  really  <^w™^li|, 

56  (L  186).  The  Unity  of  the  Zoogenetic  Conception,  ren 
ing  from  the  Gastrsda-theoiy,  has  as  yet  not  been  destroyed 
the  numerous  attacks  directed  against  that  theory :  for  none 
these  attacks  have  succeeded  in  substituting  anything  positi 
by  pure  negation  no  advance  can  be  made  in  this  dark 
difficult  subject. 

57  (i.  187).  The  Egg-cleavage  and  Gastrulation  of  Han 
represented  diagrammatically  in  Figs.  12-17  of  Plate  II.,  is  i 
probably  in  no  essential  way  different  from  that  of  the  Bal 
which  has  as  yet  been  most  closely  examined  in  this  point 

58  (i.  188).  Ernst  Haeckel,  "Arabian  Corals"  ("Arabi 
Korallen").  "A  Journey  to  the  Coral  Banks  of  the  Red  Sea, 
a  Glimpse  into  the  Life  of  Coral  Animals.  A  popular  led 
with  scientific  explanations/'  With  5  coloured  plates,  anc 
woodcuts.     Berlin,  1876. 

59  (i.  189).  The  Number  of  the  Segmentella,  or  cleav 
cells,  increases,  in  the  original,  pure  forms  of  palingenetic  • 
cleavage,  in  regular  geometric  progression.  But  the  poio 
which  this  proceeds  varies  in  the  various  archiblastic  anin 
so  that  the  Morula,  as  the  final  result  of  the  cleavage-pnx 
consists  sometimes  of  82,  sometimes  of  64,  sometimes  of 
cells,  and  so  on. 

60  (L  180).    The  Mulbeny-germ,  or  Morula.      The 
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'^entellft,  or  cleavage- cells,  which  conBtttnte  the  Idorala  at  tbo 
^3ae  of  palingenetic  egg-cleavage,  generally  appear  entirely 
^nilar,  with  morphological  difference  in  eize,  form,  or  con- 
^Intion.  This  doee  not,  however,  hinder  the  (act  that  these 
^Is  be^vo  separated,  even  during  cleavt^e,  into  animal  and 
^getnble  cells,  have  differentiated  physiologically,  as  is  indicated 
^  Pigs.  2  and  3.  Plate  II.,  as  probable. 

61  {i.  189).  The  Bladder-germ  of  Archihlaatic  Aoimala 
MdattiUa,  or  bUialoeplnera),  which  is  now  commonly  known  as 
feia  germ-vesicle,  or,  more  accurately,  as  the  "  germ-membrane 
"eaicle,"  mnat  not  be  confused   with  the  essentially  different 

*  germ-vesicle"  of  amphiblastic  maEnmals,  which  is  better  called 
4te  "intestinal-germ  vesicle"  (gaglroojgli*) .  The  gastrocjatia 
ind  the  blastnia  are  still  oft«n  united  under  the  name  of  "  germ- 
neicle,  or  vettcula.  blastodermica."     Cf.  vol.  i.  p.  290. 

62  (i.  192).  The  Definition  of  the  Gaatrnla  wae  first 
■stebUshed  by  me  in  1872,  in  my  "Monograph  of  Chalk-spongcB  " 
Vol.  i.  pp.  333,  345,  466).  There  1  already  gave  due  weight  to 
ihe  "  estrcmely  great  significance  of  the  gastrula  in  reference 
»  the  genem,!  Phylogeny  of  the  animal   kingdom"  (p.  333). 

*  The  fact  that  these  larval  forms  re-occnr  in  the  most  different 
mimalB,  cannot,  I  think,  be  sufficientty  estimated,  and  bears 
slain  witness  to  the  former  common  descent  of  oU  from  the 
CJastrnta"  (p.  345). 

63  (i.  l'J4).  The  Uniaxial  OotHne  of  the  Gaatmla  is,  on 
gtccount  of  the  two  different  poles  of  the  axis,  more  accurately 
described  as  a  diplopolic  uniaxial  form  (a  sternometric  outline  : 
Donoid-form,  or  cone).  Cf.  my  "  Promorphology  "  ("  Generelie 
Morphologie."  vol.  i.  p.  426). 

64  (L  194).  Primitive  Intestine  and  Primitive  Month.  My 
distinction  of  the  primitive  intestine  and  primitive  month 
^proiogatter  and  prolosloma)  from  the  later,  permanent  intestine 
and  month  (metaga^titr  and  metastoiria)  has  been  variously 
attacked;  it  is,  however,  as  much  jnstiiied  as  the  distinction  of 
the  primitive  kidney  from  the  pufmanent  kidney,  of  the  primitive 
rjtertobrffi  irum  the  permanent  vertebra,     The  primitive  intestine 
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forms  but  a  part  of  the  permanent  intestiney  ancl  the  pnai 
month  (at  least  in  the  higher  animals)  does  not  heooni 
permanent  month. 

65  (i.  196).  Primitiye  germ-layers  (hlcwicphyUa).  As 
two  primary  germ-layers  (^entoderma  and  exodemui)  origii 
form  the  sole  histogenetio  mdiment  of  the  whole  body,  lai 
the  mesoderma^  the  nutritive  yelk,  and  all  other  aooessoijp 
of  the  germ  have  developed  only  secondarily  from  the  fon 
I  consider  it  very  important  to  distinguish  between  the  pnx 
and  secondary  germ-layers.  The  latter,  to  distingoish  \ 
from  the  former,  might  be  called  *' after  germ-lay ers**  ( 
telasmd), 

66  (i.  201).  Uneqnal  Cleavage  and  Hood-gastmla  * 
menUUio  incBqucdis  et  Amphigattrula).  Next  to  Ampbibi 
most  accessible  examples  for  observation  of  uneqnal  de 
and  the  Ampbigastrola  are  afforded  by  the  indigenons 
bodied  Animals  (Mollusca)  and  Worms  (Snails  and  Mi 
Earth  Worms  and  Leeches). 

67  (i.  202).  The  Colour  of  Amphibian-eggs  is  occasion 
the  accumulation  of  dark  colouring-matter  at  the  animal  i 
the  egg.  In  consequence  of  this  the  animal-cells  of  the  ex( 
appear  darker  than  the  vegetative  cells  of  the  entoderm 
most  animals  the  reverse  is  the  case;  the  protoplasm  o 
entoderm  cells  being  usually  darker  and  more  coarsely  gram 
(vol.  i.  p.  197). 

68  (i.  207).  Hood-gastmla  of  Amphibia.  Cf.  Robert  Rt 
"  On  the  Evolution  of  Batrachia  "  ("  Ueber  die  Entwickelun 
Batrachier,"  p.  126  ;  Plate  XII.  Figs.  3-7).  Strieker's  "  M 
of  Tissues "  ("  Handbuch  der  G^ewebelehre,"  vol.  ii.  p.  ] 
1202 ;  Figs.  399-402).  Goette,  "  History  of  the  Evoluti. 
Bomhinaior**  ("  Entwickelungsgeschichte  der  Unke,"  p. 
Plate  II.  Figs.  32-85). 

69  (i.  214).  Hood-gastrula  of  Mammals.  Ednard 
Beneden,  **  La  maturation  de  I'oeuf,  la  fecondation  et  les  pren 
phases  du  d^veloppoment  embryonnaire  des  Mammif^res,  d* 
des  reoherches  faites  chez  le  lapin.'*    Brussels,  1875.    No  fij 
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„'i  ven   with    these  "  CommDnication    pr^litninaTre ;  "    Van 

iI(^q'b  description  is,  however,  8o  clear,  bo  thoroagh  and  care- 

*'i:kt  they  afford  an  entirely  satiafactory  insight  into  nnei{aal 

.li.tivageand  the  formution  of  the  Hood-gastrnla  in  Mammals. 

itlier  obserrers,  who  have  studied  the  germination  of  Mam- 

'-^Uan   eggs    (among   the   moat  recent   Kolliker,  Baubor,  and 

■^swson   may    bo    especially    mentioned),    have   overlooked    or 

■"Sled  to  recognize  the  important  features  discovered    by  Vaa 


70  (i.  218).  The  Diec-gaatrnla  (Disco-gaslnila)  of  Osaeons 
&lies  (TeleaHei').  "Van  Bambeke,  "  Recherches  anr  I'embry- 
Logie  des  poiasona  oaaeoz."  Brussels,  1873.  The  transparent 
"mh-cggi,  in  which  I  observed  discoid  cleavage  (Sfgmentatio 
itcoidaliii)  and  the  formation  of  the  Disc-gastrula  by  invagination, 
re  accurately  described  in  my  article  on  "  Tbe  Oastmla  and 
tov-cleavage  of  Animals  "  ("  Jen.  Zeitschrift  fiir  Naturwis- 
mwihdtt,"  1875,  vol  ii.  p.  432-M4;  Plates  IV.,  V.).  On  the 
iiac-g»strnla  of  Selackii,  cf.  Balfonr,  "The  Development  of 
Insmo  branch  Fishes." — "  Joum.  of  Anat.  and  Physiol.,"  vol.  x. 

fil7;  Plates  XX.,  XXIIL 

71  (i.  221).  Yelk-celb  of  Birds.  The  ceU-Iike  constituent 
arts,  which  occur  in  great  number  and  variety  in  the  nutritive 
3ik  of  Birds  and  Reptiles,  as  in  most  Fishes,  are  nothing  less 
lan  true  cells,  aa  Hia  and  others  have  asserted.  This  does  not 
teAn  that  is  this  matter  a  distinct  limit  ererywbero  eiists 
etween  the  nutritive  and  the  formative  yelks,  aa  in  our  occanio 
'iab-egga  (Figa.  42,  43,  note  70).  On  the  contrary,  originally 
pbylogenetically)  the  nutritive  yelk  originated  from  part  of  the 
ntoderm. 

72  (i.  223).  Egg-cells  of  Birds.  Notwithstanding  the  large 
iDtritive  yelk,  the  "  after-egg  "  (metovum)  of  Birds  and  Rtptilca 
B,  in  form-vftlne,  a  single  cell.  The  very  small,  active  protoplaam 
if  the  "  tread  "  does,  however,  indeed  fall  far  short,  in  volume, 
if  the  huge  mass  ot  the  yellow  yelk-ball.  The  bird's  eggs  are 
ibBolat«ly  the  largest  cells  of  the  animal  body.  Cf.  note  43,  and 
Etluard   van    Bcneden,    "  Il«chercheB  but  la  composition  et  la 
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signification  de  Tosuf.**  Bronels,  1870.  Hubert  Iiodwi| 
£gg-8tractnre  in  the  Animal  Eangdom  *'  (*'  Ueber  die  £ib 
in  Thierreiche."    Wiirzbnrg,  1874). 

73  (i.  226).  Diicoidal  cleavage  (8egm«ntaHo  ducoUa 
Bird's  eggs.     Gf .  Kolliker,  "  EListory  of  the  Eyolntion  c 
and  the  Higher  Animals  '*  (*'  Entwickelnngsgeechichte  det 
schen  nnd  der  hoheren  Thiere."    2nd  edition,  1876,  pp. 
Pigs.  16-22). 

74  (i.  227).  Disc-gastmla  (Diseo-gastrvla)  of  Bird 
Banber,  ''On  the  Place  of  the  Chick  in  the  System  of 
tion  '*  C'  Ueber  die  Stellnng  des  HiihnchenB  im  Entwick 
plan  '*)•  Leipng,  1876.  Foster  and  Balfour, ''  The  Eleii 
Embryology."     London,  1874. 

75  (i  231).  Bladder-gastmla  (Perigastrtda)  of  Art 
Animals  (^Arthropoda),  Cf.  Bobretzky,  ''Russian  Essay 
G«rra-history  of  Astacns  and  Paleemon."  Eliew,  1873.  . 
own  article  on  the  gastrola  and  egg-cleavage. — "  Jen.  Ze 
fur  Naturwissenschaft."    Vol.  ix.  pp.  444-452,  Plate  VI. 

76  (i.  234).  The  Four-layer  Theory,  which  was  first 
stated  by  Baer  in  1837  ("  Entwickelungsgeschichte  der ' 
vol.  iL  pp.  46,  68),  and  which  we  have  here  carried  out  1( 
yet  appears  the  only  form  of  the  germ-layer  theory, 
on  comparative  observation  of  all  higher  animals,  su; 
universal  law  of  germination  for  all  and  at  the  same  tim 
the  inconsistent  reputations  of  many  observers. 

77  (i.  239).  Caspar  Friedrich  Wolff  first  indicated  th 
layer  Theory  (note  76),  Cf.  the  remarkable  sentence,  qu 
vol.  i.  p.  45,  from  his  pregnant  work  on  the  formatioi 
intestinal  canal  (note  19). 

78  (i.  240).  The  Four  Main  Types  of  Gastmlation, 
are  diagrammatically  distinguished  in  Plates  II.  and  IIL 
Tables  III.  and  IV.  (vol.  i  pp.  241,  242),  are  of  course  coi 
by  intermediate  forms.  These  are  transitions  both  betw 
primordial  and  the  unequal  forms,  and  between  the  primorc 
the  superficial  forms  ;  similarly,  the  unequal  form  of  egg-c 
is  connected  by  twizt-forms  with  the  discoidal  forms,  whic 


iin,  perhaps,  connected  iu  the  same  n&y  nilh  tbe  anperficii 

9  (i.  241).  The  Gastrulation  of  tho  varioaa  classes  of 
als  has  been  far  too  little  stodied  to  enable  vs  tborongbly 
uomarize  tbe  distribution  of  the  Tarions  forms  within  tbe 
Xte  clsssea.  Yet  it  ta  already  evident  thai  primordial  e, 
Bge  and  the  formation  of  the  Arcbigsstrala  occar  in 
ft  claaaes  of  each  tribe. 

0  (i  243).  The  Rhythm  of  e?i;-cleavnge  is  by  no  means 
lar  as  might  appear  from  tho  four  firet  esamplea  in  the  five 
S.  There  are,  on  the  contrary,  many  variations,  and  not 
qnently  an  entirely  irregnlar  and  very  variable  seqoenoo  of 
bera  occurs  (especially  in  discoided  cleavage). 

1  (i.  246).  Definition  of  the  Type.  Cf.  Gegenbenr, 
nneots  of  Comparative  Anatomy,"  1874,  p.  59. 

<2  (i.  246).  Types  and  Pbyla.  According  to  the  prevailing 
pe-theory,"  tbe  types  of  tbe  animal  kingdom  are  paTallel, 
entirely  independent ;  according  to  my  "  Gaatr(en,-theory,'' 
Jie  contrary,  they  aro  divergent  tribes,  connected  at  the 
I ;  according  to  the  view  of  Clans  and  other  opponents,  the 
r  is  Do  essential  diHtinction. 

13  (I  248).  The  one-celled  condition  of  InfnBoria  entirety 
ids  their  morphological  comparison  with  Metazoa.  Cf.  my 
lie  "On  the  Morphology  of  Infusoria"  ("Jen.  Zeitechrift 
Satnrwisaenschaft "  1873,  vol.  vii.  p.  516-508). 
a  (i.  26").  Tho  aiea  of  the  Vertebrate  outline.  Cf.  my 
omorphology  "  (Stereometry  of  OrganlBms). — "  Ocnerelle 
phologie,"  vol.  L  pp.  3741-574.  "  Singly  donblc-ontlines'M 
tZaitra),  p.  519.  "Bilat«ral-symmetrical"  forms  in  tbe  fooi 
ification  of  the  word. 
35  (i.  255).  The  Primitive  Vertebrate  Type,  as  it  is  repr&-  ~ 
edinFigB.  52-56,  is  a  hypothetic  diagram,  which  is  principally 
ided  on  the  oatUne  of  the  Ampbioxus,  bat  in  which  the 
ipai&tive  Anatomy  of  Ascidta  and  Appendicalaria  on  the 
aide,  of  Cycloatouii  and  Selachii  on  the  other,  is  regarded, 
I  diagniu  is  by  no  means  mtiant  to  be  an  "  exact  figure,"  bnt 
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a  proyisioiial  stage  in  tbe  hjpotbetio    reconstmctioii  d 
unknown,  long  extinct  paient-form  of  Vertebrates,  an 
tjpe." 

86  (L  258).  Only  very  uncertain  assnmptions  can  be 
as  to  tbe  sense-organs  of  tbe  bjpotbetic  parent-form,  fori 
organs,  more  tban  any  otbers,  bave  been  subject  to 
and  in  Ascidia,  as  in  tbe  Ampbioxus,  bave  probably  been 
atropbied.     Tbe  earliest  Vertebrates  probably  inberited  i 
of  eyes  of  very  simple  obaracter  and  a  pair  of  simple  ear-i 
from  Worms. 

87  (L  267).  Tbe  primitiye  kidneys  were  perbaps  aban^j 
metameric  in  tbe  bypotbetic  parent-form  of  Vertebrates,  to  lli-, 
in  addition  to  tbe  two  longitudinal  main  canals  (priBiliMi 
kidney  ducts)  numerous  transverse  tubes  (segmental  cuil^; 
were  connected  witb  tbese  main  canals,  a  pair  in  eacb  metaoMni 
of  tbe  middle  part  of  tbe  body.  Perbaps  tbese  already  cfpad 
througb  ciliated  funnels  into  tbe  body-carity  (ecBloma)^  u't 
now  the  case  in  Annelids,  and,  according  to  Balfour,  in  tti 
embryos  of  Selacbii.  Cf.  Balfour,  *'  Development  of  EIsbibi 
branch  Fishes/' — ''  Quarterly  Journal  of  Microscopical  Science 
New  Series,  vol.  xiv.  p.  823;  '^Journal  of  Anat.  and  Physiol 
vol.  X, 

88  (i.  278).  Tbe  germination  of  Primitive  Vertebrates.  ^ 
with  Table  VI.,  Table  VII.  (vol.  i.  p.  327),  Table  XL  (p.  46 
also  the  diagrammatic  figures  in  Plates  IV.  and  V.  witb  expla 
tion  (p.  321). 

89  (i.  276).  Tbe  aerm-forms  of  tbe  earliest  Vertebrates 
they  are  represented  in  diagrammatic  cross  sections  in  F: 
62-60,  can  only,  of  course,  be  approximately  guessed,  and  n 
the  aid  of  Comparative  Anatomy  and  Ontogeny.  Tl 
hypothetic  diagrams,  therefore,  by  no  means  claim  to  be 
cepted  dogmatically,  any  more  than  do  those  in  Figa.  52- 
(Cf.  note  85.) 

90  (i.  280).  Main  incidents  in  Vertebrate  germination, 
the  main  palingenetic  incidents  here  enumerated,   perbaps 
aixtb|   ninth,  and   tenth   originally  occurred    in    a    Tery 
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"Tit  form.  The  other  Beven  now  appear  to  be  pretty  well 
kblishfMl. 

■?H  (i.  285).  The  flat  germ-diac  of  Birds,  which  even  now,  in 
I  opinion  of  most  embrjologiata,  represents  the  first  gtartiog- 
■t  in  the  formation  of  the  embryo,  and  to  which  all  other 
an-fonns  hiivo  been  referred,  is,  on  the  contrary,  a  late  and 
<«li  modified  germ-form,  whieh  has  arisen  in  consequence  of 
'  esteneioa  of  the  gsfitrala  over  the  greatly  enlarging  nutritive 
L 

62  (i,  289).  Site  of  Portilizalion.  In  Man,  aa  in  other 
t&malB,  fertilization  of  the  eggs  probably  nsaally  takea  place 

the  ovidnct  t  here,  the  eggs  which,  at  the  ruptare  of  the 
uGan  follicles,  have  emerged  from  the  female  ovary  and 
Bed  into  the  outer  opening  of  the  oviduct,  meet  with  the 
ive  eperm-cells  of  the  male  seed,  which,  during  copnlatien, 
tetrated  into  tbe  aterus,  and  from  there  passed  into  the  inner 
oing  of  the  ovidnct.  Rarely,  fertilization  occurs  even  on  the 
xy.  or  not  till  within  the  atenis.  (Cf.  Chapter  XXV,) 
93  (i.  29:1).  The  origin  of  the  mesoderm  in  Mammals,  as  in 
sr  Animals,  is,  at  present,  among  the  most  obscure  and  con- 
fid  points  of  Ontogeny.  Bemak,  Balfonr,  and  others  derive 
Tom  the  entoderm,  KoUiker  and  others  from  the  esoderm. 
Ideyer,  His,  and  others  assert  that  both  primary  germ-layers 
a  part  in  the  formation  of  the  mesoderm.  The  last  assomp- 
I  is,  I  believe,  correct.  (Cf.  notes  70,  77.) 
9i  (i.  297).  The  Germ-shield  {Noiatpu).  The  ordinary 
w,  that  the  germ-shield  (^  Reniak's  "  Doppelschild  ")  is  the 
lieet  rodiraent  of  the  actual  embryo,  results  in  many  erroneous 
clnsiona.  It  is,  therefore,  necessary  to  point  ont  especially 
t  the  germ-shield  represents  the  first  well-defined  central 
sal  part  of  tbe  embryo. 

95  (i.  317).  Body  Wall  and  Intestinal  Wall.  The  morpho- 
ical  distinction  between  the  body  wall  and  the  intestinal  wait, 
tainly  primordial,  is  probably  referable  to  the  simple  primary 
m-Iayers  of  the  Gastrica.  If  the  skin-fibrous  layer  is  derived 
B  Um  exoderm,  and  tbe   intestiual-fibroas  layer  from  the 
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entoderm,  this  most  nmply  explainB  the  -progrmdve  defebfi 
of  this  distinction,  which  may  be  traoed  throagh  the  hoi 
Worms,  and  np  to  Vertebrates. 

96  (i.  320).  Palingenetic  and  Elenogenetio  germinstioiL 
the  germ-history  of   Vertebrates  no  clear  conception  d 
embryolog^cal  process  has  jet  been  attadned,  because  all  uA 
have  started  from  the  higher  Vertebrates   (nsnally  fron 
Chick)  and  have  assumed  that  the  form  of  evolation  oocu 
in  this  case  is  original  and  typical     It  is  only  since  Uie  gi 
history  of  the  Amphioxns  has  tanght  ns  the  palingenetici  n 
original  form  of  germination  of  Vertebrate  organisms,  tin 
have  been  enabled,  by  Comparative  Ontogeny  (and  espeaaD 
the  principles  of  the  Gastrsea  theory),  rightly  to  onderstanil 
to  explain  phylogenetically  the  kenogenetic  forms  of  germio 
of  higher  Vertebrates. 

97  (i.  821).  The  Diagrams  in  Plates  IV.  and  V.  are  as  s 
and  abstract  as  possible,  in  order  to  render  the  desired  gi 
explanation  as  easy  as  possible. 

98  (i.  346).  Primitive  VertebreD  and  Metamenu  Fc 
right  conception  of  "  primitive  vertebral  "  structure  it  is 
cially  necessary  to  point  out  that  the  primitiYe  vertebr 
much  more  than  their  name  indicates.  They  must,  in  fi 
conceived  as  individual,  consecutive  sections  of  the 
which  have  arisen  one  after  the  other,  as  true  *'  metamei 
consecutive  pieces  ("Generelle  Morphologie,"  vol.  i  p. 
Each  primitive  vertebra  of  a  Verfcebrate,  like  each  trunk-se 
or  metameron  of  an  Annelid  or  Arthropod,  contains  a 
essential,  morphological  constituent  parts,  characteristic 
corresponding  animal-tribe. 

99  (L  349).  Origin  of  the  Primitive  Vertebrse.  My  c 
tion  of  these  as  individual,  morphological  "  consecutive  p 
which,  like  the  metamera  of  Cestods  and  Annelids,  have 
by  terminal  budding  from  a  single  unarticulated  piece,  lu 
much  attacked.  I  therefore  emphatically  remark  that 
understand  this  process  in  the  widest  sense.  In  both  case 
is  certainly  a  reproduction  of  individual,  like  parts,  whicl 
originated  (in  time  andi  %^%j(^^  cQtk»&^\>.\3^^^« 
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100  (i.  3£>1).  The  kgreement  among  the  genn-fonns  of 
Sods  Mnintiials  is  instmcUTc  eepeci&llj  bec&ase  it  showa  ns 
^,  by  divecsitj  in  the  mode  of  erolDtion,  the  moet  diverse 
nctiiree  can  ori^oate  from  ojxe  and  the  same  form.  Aa  we 
"Vally  see  this  in  gena-torms,  we  maj  hypothetical ly  assume 
k  same  to  have  occurred  among  tribe-forma.  Uoreover, 
■»  agreement  is  never  abaolnte  identity,  but  always  only 
^  very  greatest  similarity.  Even  the  germs  of  the  rarioos 
liridnals  of  a  species  are  nerer  actually  identicaL 

101  (i.  3ti6).  The  taw  of  the  ontogenetic  connection  of 
Btematically  allied  animal-forms  has  many  apparent  exceptions. 
%ese  are,  however,  fully  explained  by  the  adaptation  of  the 
wxm  to  kcnogenetic  conditions  of  existence.  Where  the  palin- 
Hietic  form  of  evolution  of  the  germ  has  been  accurately 
»Dsmitted  by  heredity,  that  law  is  always  in  force.  Cf,  Fritz 
^Qllfr,  "Fiir  Darwin"  (note  111). 

102  (i-  307).  Earliest  hnman  germs.  Cf.  Kolliker,  "History 
:  the  Evolotion  of  Man  "  ("  Eiitwickelungsgeschichte  dea  Uen- 
ien."  2nd  edition,  1876,  pp.  303-319).  Also  Ecker,  "Icones 
bjsiologicffi."  Leipzig,  1859.  Plates  XXV.-XXXI.  The 
irlicst  human  germs  which  hare  yet  been  certainly  recognized, 
ere  from  twelve  to  fonrleen  days  old,  and  were  observed  by 
rot-  Allen  Thomson,  of  Glasgow.  No  opportunity  has  ever 
jonrred  for  the  observation  of  earlier  genna, 

103  (i.  361*).  Human  gcrma  of  three  weeks  (twenty  to  twenty- 
^  days)  exhibit  in  their  whole  stmcttire  that  pbylogenetic  stage 
[  svolotion  which,  among  extant  Vertebrates,  is  represented  by 
le  Cyolostomi  {Lampreys  and  Hags,  vol.  ii.  p.  103),  and  which 
lost  be  referable  to  extinct  Monorhine  ancestors  of  siniilar 
tnctnre. 

104  (i  370).  Hnman  germs  of  fonr  weeks  (twenty-five  to 
lurty  days),  on  tbe  whole,  exhibit  in  their  whole  structure  that 
ibjlogenetic  stage  of  evolution,  which  is  exhibited  in  Sharks 
iud  Bays,  among  extant  Ycrtehrates,  and  which  ia  referable  to 
ifwilai-  extinct  Primitive  Fish  ancestors  (ProtelaeAii).  Of  oonrse 
ihia  ooaipariiton  ia  aSectcd  by  voriuuA  keno^enctic  modificHtiuns 
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(both  heterotopio  and  heterodiTonio),  just  m  in  flie 
(Cf.  note  108.) 

105  (i  874).  The  nose  of  Nosed-apes  is  much  more 
from  that  of  other  Apes  than  from  that  of  Man. 
even  the  extreme  Tariety  and  variability  in  the  external  fav 
of  the  human  nose  shows  how  small  is  the  morphologialidi 
of  this  organ,  so  important  to  the  physiognomj. 

106  (i.  883).  The  bUidder-like  form  of  the  hnman  AUfl 
Gf.  W.  Kranse, ''  On  the  Allantois  in  Man  "  ('*  Ueber  dieilb 
tois  des  Menschen.*' — "Archiv  far  Anat.  u.  PhjsioL/'  1875,  p.  fll 
Plate  VI.). 

107  (i.  400).  The  navel-cord  (JurUetdtu  umfnUeaiu\}i 
the  placenta,  is  an  organ  shared  by  Man  exclasivelj  with  Tl 
cental  Animals.  Cf .  Chap.  XIX.  pp.  155-168,  and  Figs.  200, 21 
On  the  more  minute  structure  of  this  organ,  and  on  the  spec 
features  of  the  embryonic  blood-circulation,  cf .  Kdlliker,  "  I 
tory  of  the  Evolution  of  Man.**    2nd  edition,  1876,  pp.  319-^ 

108  (i.  401).  The  Kenogeny  of  Man.  In  pointing  out 
phylogenetic  significance  of  the  separate  incidents  and  period 
human  germ-history,  and  in  explaining  them  by  reference  to ' 
responding  processes  and  stages  in  the  tribal  history  of  our  am 
ancestors,  we  must  always  bear  in  mind  that  in  Mh.ti^  as  ii 
higher  animals,  the  original  palingenetic  cause  of  germina 
has  undergone  much  kenogenetic  modification  in  consequenc 
many  adaptations  to  the  very  various  conditions  of  embzy 
life,  that  it  has  thus  been  much  violated  and  contracted, 
higher  the  organism  develops,  the  more  are  especiaUy  t 
earliest  stages  of  evolution  abbreviated. 

109  (i.  4D4t).  The  sections  of  human  germ-history,  of  w 
only  four  larger  and  ten  smaller  are  mentioned  here  in  x^er 
to  their  phylogenetic  significance,  allow  of  much  more  di?i 
if  their  comparative  Ontogeny  is  minutely  examined.  ' 
phylogenetic  significance  may  also  be  very  well  explained  ^ 
fitting  reference  to  kenogenetic  displacements  in  place  <^T^d  i 
(vol.  i.  p.  13). 

110  (i.  405).  Figures  of  human  embryos  in  aU  staga 
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'jn-liistoTy  were  given  in  very  beantifnl  detail  bj  H.  P.  Erdi 
KHy  years  ago  :  "  The  Evolation  of  Man,  and  of  tbe  Chick  in 
*  ^gS"  ("I^'^  EntwickeloDg  de«  Menschen,  nnd  dea  Hiilmcheiia 
EL"     Leipiig.  1845). 

111  (i  409).  Fritz  MQller,  "Fur  Darwin."  Leipzig,  1864. 
Terf  excelleot  little  book,  in  which  tbe  modification  of  the 

tadamental  law  of  Biogeoy  (with  reference  to  the  Fbylogenj  of 
intacea)  are  esploined  for  tbe  first  time. 

112  (i.  413).  The  Method  of  Pbylogeny  is  of  the  eame 
Srpbological  valae  aa  the  well-known  method  of  Geology,  and 
hj,  therefore,  claim  exactly  the  same  scientiGc  acceptation. 
K  the  excellent  discourse  by  Ednard  Straabnrger,  "On  the 
upoitance  of  Phylogenetic  Methods  in  the  Study  of  Living 
rings." — "JenaiBche  Zeitechrift  ftir  Naturwisseuschaft,"  1874, 
ll.  Tiii.  p.  56. 

113  [i.  415).  Johannes  MuUer,  "  On  the  Structure  and  Vital 
lenomena  of  Amphioxut  lanceotaliu." — Transactions  of  the 
oHb  Academy,  1644. 

114  (i.  415).  Recent  works  on  the  Amphioxua.  W.  Rolph 
A  B.  Bay  Lankestor  especially  have  recently  ndded  to  our 
owledge  of  tbe  organology  of  tbe  Amphioxna,  Wilhelm  Muller 
A  P.  Langerhana  to  that  of  its  histology.  The  hterature  of 
'M  snhject  is  fully  represented  by  W.  Rolph,  in  his  "Researches 
lO  the  Structure  of  the  Amphioras  "  ("  Unteranohungen  uher 
a  Ban  des  Amphioxus." — "  Morpholog.  Jahrb.,"  vol.  ii.  p.  87, 
■i«S  v.  and  VII.),  and  in  P.  Langerhans,  "  On  the  Anatomy  of 
i  Ampbioxns"  ("Zur  Anatomie  des  AmphioxQS." — "Archiv. 
r  IDtr.  Anat."  vol.  lii,  p,  290.  P!at«9  XTI.-XV.). 

115  (i.  Hi)).  Acraoia  and  Craniota.  The  separation  of 
irtebrstes  into  SkoU-lesa  Animals  (Acrania)  and  Skelled 
limftls  {Craniota),  which  I  first  indicated  in  1666  in  my 
Jenerelle  Morpbologie,"  appears  to  me  absolutely  essential  for 
B  phylogenetic  explanation  of  tbe  Vertebrate- tribe. 

116  (i.  428).  Mux  ScbnltKe,  "History  of  the  Evolution  of 
rtroiny»3n"{"EntwickeInngBgescbicbtevon  PetTomijzon."  Haar- 
a,  1B56).  The  Ontogeny  of  the  Hags,  which  prumities  very 
~    '  mtrflBnlta.  ia  jot,  nnforlaoately,  entirely  nnknown. 
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117  (i.  430).  Savignj,  **M6moire8  snr  les  Animan 
Vertebres."  Vol  ii,  Ascidies,  1816.  Giard,  ''Becheid 
les  Synascidies.** — **  Archives  de  Zoologie  Bxperimentale,' 
1872. 

118  (i.  485).  Sjn-ftsoidia  and  Echinoderma.  The  Com 
of  Echinoderms,  which  I  explained  in  1866  ("  G^nerel 
phologie,*'  vol.  iL  p.  Ixiii),  and  which  has  been  much  atti 
'*  paradoxical,*'  is  as  yet  the  sole  theory  attempting  the 
explanation  of  this  remarkable  gronp  of  animals. 

119  (i.  442).  Kowalevsky,  "  History  of  the  Evolntioi 
Amphioxns  and  of  Simple  Asoidians"  (^*  M^moires  de  VI 
S.  Petersbonrg."     7  Serie.     Tom.  x.  and  xi.     1867-8). 

120  (i.  450).  The  metameric  structure  of  the  An 
which  is  indicated  in  its  nerve  and  mnscle  systems,  and< 
shows  that  the  notochord  exists  in  Vertebrates  previous 
metameric  structure,  and  consequently  that  it  is  inherit 
unarticulated  Chorda  Animals. 

121  (L  454).  The  Metamorphosis  of  the  Amphioxus, 
which  the  larva  passes  inte  the  adnlt  form,  is  not  ; 
known  in  all  its  details.  This  does  not,  however,  a 
extraordinarily  important  bearing  of  the  thoroughly 
earliest  incidents  in  its  germination  on  the  palingenesis  < 
brates. 

122  (i.  455).  Fertilization  of  Ascidia  {PhaUusta  man 
Eduard  Strasburger,  **  On  Cell-strncture  and  Cell-divit 
Studies  of  Fertilization."  2nd  edition.  Jena,  1876, 
Plate  VIII. 

123  (i.  462).  KupfFer.  The  tribal  relation  of  A 
Vertebrates  (**Arcbiv  fiir  Mikros.  Anat.,"  1870,  vol 
115-170).  Oscar  Hertwig,  "  Researches  into  the  Stru< 
Evolution  of  the  Cellulose  Mantles  of  Tunicata"  (" 
chungen  uber  den  Bau  und  die  Entwickelung  des  ( 
Mantels  der  Tunicaten").  Richard  Hertwig,  "Contri 
Knowledge  of  Ascidian  Structure "  ("  Beitrage  znr  I 
des  Baues  dor  Ascidien." — "  Jenaische  Zeitschrift  fur  ^ 
senschaft,*'  1873,  vol.  vii.). 
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V2\-  (i.  464.).    The  Phylogenetic  Importance  of  the  Amphi- 

E38  c%nn.ot  be  too  highly  insisted  on.     Without  knowledge  of 

Anntomy  and  Ontogeny,  the  origin  of  Vertebrates  would  be 

fcirely  dnbions,  and  their  descent  from  Worms  would  appear 

aavdible. 

\'ir,  (i.  467).  The  Ontogenetic  Cell-pedigree,  as  it  is  repre- 
'..  with  reference  to  the  Amphioins,  in  Table  XI.,  probably 
^'(lod,  in  its  most  important  features,  for  all  Voilebrates, 
_,  Llterefore,  also  for  Man.  For,  more  than  any  other  form, 
^  AmphiozQS  by  strict  Heredity  has  accnrately  retained  its 
Wtngeneflis.  This  histogenetic  cell-pedigree  is  appnrently  well 
%khlished  as  regards  most  and  the  chief  features  ;  on  the  other 
kJid,  it  yet  appears  doubtful  with  regard  to  the  origin  of  the 
Hmitive  kidneys,  the  testes,  and  ovaries. 

126  (ii.  4).  Milne-Edwards,  "Lemons  sur  la  Phyaiologie 
omparfe,"  vol.  ii. 

127  (ii.  6).  Eternity  of  Organic  Life.  According  to  the 
.onistic  view,  or^nic  life  is  a  fnrtber  form  of  evolution  of  the 

_'Aiiic  word- processes,  and  had  a  beginning  in  time  on  our 

In  opposition  to  this,  A.  Feehner,  among  otheis,  in  hig 

■        nj^'hts  on   the  Creation  and  Evolution  of  Organisms,"  has 

nted  certain  opposed  "  kosmorganic  phantaays  "  which  appear 

ktintly  irreconcilaWe  with  the  ontogenetic  facts  given  here. 

128  (ii.  IB).  Bernhard  Cotta  ("  Oeologie  der  Gogenwart," 
t6tf ;  4Lh  edition,  1874)  and  Karl  Zittel  ("Aus  der  Uraeit;" 
nncbvn,  1875,  2nd  edition)  have  made  some  eicellent  remarks 
I  tisa  duration  and  the  whole  course  of  the  organic  history  of 

129  (ii.  21).  August  Schleicher.  "The  Darwinian  Theory 
id  Philology"  {'-Die  Durwin'scho  Theorie  und  die  Sprach- 
iaaenschaft."     Weimar,  1S63.     2nd  edition,  1873). 

130  (ii.  2.5).  At  first  sight,  most  polyphyletic  hypotheses 
>pc»r  more  simple  and  easy  than  do  monophytetie,  but  the 
irmBr  always  present  more  diSioulties  the  mure  they  ore 
Hufderei]. 

131  (iL  25],   Those   physiulugiata    who    deaire  an    e^tperi- 
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mental  proof  of  tlie  theory  of  descent,  merely  thereby  prtm 
extraordinary  ignorance  of  the  morphological  scientific  fa 
lating  to  this  matter. 

182  (ii.  80).  Spontaneons  generation. — *' Glenerelle 
phologie,'*  vol.  i.  pp.  167-190.  **  Monera  and  Spontaneous 
ration.*' — "Jenaische  Zeitschrift  fur  Natnrwissenschaftt" 
vol.  vL  pp.  37-42. 

133  (ii.  83).  The  Absence  of  Organs  in  Monera.  In  1 
that  Monera  are  '*  organisms  withont  organs,"  we  nndersta 
definition  of  organs  in  a  morphological  sense.  In  a  physiol 
sense,  on  the  other  hand,  we  may  call  the  variable  pi 
processes  of  the  body  of  the  Moneron  the  '*  psetidopodia  "  0 

184  (ii.  86).  Indnction  and  Deduction  in  Antbrop 
"Generelle  Morphologic,"  vol.  i.  pp.  79-88;  vol.  ii  p 
"  History  of  Creation,"  vol.  ii.  p.  357. 

135  (ii.  42).  Animal  Ancestors  of  Man.  Tbe  nnm 
species  (or,  more  accurately,  form-stages,  which  are  disting 
as  "  species  ")  must,  in  the  human  ancestral  line  (in  tbe  coi 
many  millions  of  years !),  have  amounted  to  many  tbou 
the  number  of  genera  to  many  hundreds. 

136  (ii.  47).  Following  Elsberg,  we  give  the  name  of 
tidules  "  to  the  "  molecules  of  plasson,"  to  tbe  smallest  lik" 
of  that  albuminous  substance  which,  according  to  tbe  **  j 
theory,"  is  the  material  substratum  of  all  tbe  active  pbcB 
of  life.  Cf.  my  work  on  "Tbe  J*erigenesis  of  Plasti 
("Perigenesis  der  Plastidule  oder  Wellenzeugung  der  I 
theilcben."  Berlin,  1876).  This  is  an  attempt  to  i 
mechanically  the  elementary  processes  of  evolution. 

137  (ii.  49).  Bathybius  and  tbe  free  protoplasm  of 
depths.  Cf.  my  "Studies  on  Monera  and  other  Pr 
Leipzig,  1870,  p.  86.  The  most  recent  observations  od 
Bathybius  are  those  of  Dr.  Emil  Bessel,  who  found  this  f 
the  coast  of  Greenland  (in  Smith's  Sound),  at  a  depth  0 
650  ft.  He  noticed  very  active  amoeboid  movements  ii 
as  well  as  the  assumption  of  foreign  particles  (carmin( 
"  It  consists  of  nearly  pure  protoplasm,  tinged  most  intei 
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It  contains  fine  gray  grannlps 
perable  refracting  power,  and  besides  tlie  latter  a  great 
r  of  oleagiaoQs  drops,  eolufale  in  ether.  It  manifests  very 
3  araccboid  motions,  and  tnkea  op  particles  of  carmine,  etc.'' 
*m£ika,Td,  "Life  Histories  of  Animals,  incltiding  Man."  New 
-'-    1876. 

.  '■  (ii.  50).  The  Philosophical  Importance  of  Honera  in 
ling  the  moat  obscnre  biological  questions  cannot  be 
— cully  emphasized.  Monograph  of  Monera. — "  Jenaische 
bachrift  fiir  Noturwissenachaft,"  vol.  iv.,  1868,  p.  64. 
3.S9  (ii.  54).  The  Nature  and  Significanco  of  the  Egg-cell  can 
1''    be   philosophically  nnderetood  by  means  of  phylogenetic 

:  '  (ii.  58).  Synamteba.  Cienkoweki,  "On  tbe  Stractnpe 
i-  volntionof  Labyrinthula "  ("Uberden  Baonnd  die  Entwic- 
ang  der  Labyrinthuleen." — Arch,  fiir  Mlkrosk.  Anat.,  1870, 
>  iii.  p.  274i).  Hertwig,  "Microgromia  Socialis." — Ibid. 
3.41  (ii.  61).  Catallacta,  a  new  Protista- gronp  (Magosphttru 
't'lla),  See  "Jenaische  Zeitachrift  fiir  Naturwissenschaft," 
^...  1871,  p.  1. 

142  (ii.  60).  Haliphysema  and  Oastrophysema.  Extant 
Btrseads.  See  "  JeBoische  Zeitachrift  fiir  Naturwissenschaft," 
.  xi.,  1870,  p.  1,  Plates  I.-VI. 

143  (ii.  70).  The  five  first  stages  in  the  evolution  of  the 
mol  body,  which  are  compared  in  Tiihle  XVII.,  and  which 
I  common  to  Man  nnd  all  higher  Animals,  are  estnlilished 
r«rad  all  doubt  as  exiating  in  the  Onlogeny  of  most  extaul 
n&ls.  As  Comparative  Anatumy  shows  that  corresponding 
xn^tages  yet  exist  in  the  system  of  the  lower  animals,  wo 
ijr assume,  in  acrordnnco  with  the  fundamental  law  of  Biogeny, 
kt  aimtluT  forms  existed  pbylogenottcally  aa  most  important 
oestrKl  forms. 

141  (ii.  77).  On  tbe  distinction  of  tbo  axes,  and  on  tha 
omotrie  ontlino  of  the  animal  body,  seo  "  Promorpholoffie " 
'     iii-relte  Morphologic,"  vol.  i.  pp.  374-574). 

'■  (ii.  87).  The  henuaphrDdit«  Btmcture   of  our   aaoestral 


484  NOTEa 

geries  was  perhaps  transmitted  from  the  Chorda  Animals  en 
far  as  the  lower  stages  of  Yertehrate  ancestors.  Cf .  Chapter  X 

146  (ii.  89).  I  am  inclined  to  regard  the  Appendicnkc 
living  Chorda  Animals  of  the  present  daj;  thej  are  Uie 
Invertehrates  permanently  possessing  a  notochord,  and  thn 
by  many  other  peculiarities,  distinguished  from  genuine  1 
cates. 

147  (ii.  105).  Metamorphosis  of  Lampreys.  That  the  1 
Ammoccetes  change  into  Petromyzon  was  known  two  hun 
years  ago  (1666)  to  the  fisherman  Leonhard  Baldner  of  S 
burg ;  but  this  observation  remained  unrecognized,  smd 
modification  was  first  discovered  by  August  Miiller  in 
(**  Archiv  fiir  Anat.,"  1856,  p.  325).  Cf.  Siebold,  "The  F 
water  Fishes  of  Central  Europe"  ("Die  Siisswasserfische 
Mittel-Europa,"  1863). 

148  (ii.  114).  Selachii  as  Primitive  Fishes.  The  old  dis 
as  to  the  systematic  position  and  kindred  of  Selachii  were 
definitely  settled  by  Gegenbaur,  in  the  introduction  to  his  cla 
work  on  "  The  Head-skeleton  of  Selachii." 

149  (ii.  118).  Gerard  KlrefFt,  "Description  of  a  Gigantic 
phibian  ;  "  and  Albert  Giinther,  "  Ceratodus,  and  its  Syste 
Position." — "  Archiv  fiir  Naturgeschichte,"  37,  1871,  vol. 
321 ;  also  "  Phil.  Trans.,"  1871,  Part  H.  p.  511,  etc. 

150  (ii.  129).  The  duration  of  metamorphosis  of  Am] 
varies  much  in  the  different  forms  of  Frogs  and  Toads,  the 
forming  a  complete  phylogenetic  series  from  the  original, 
complete  form,  to  the  later,  much  shortened  and  vitiated  he 
of  modification. 

151  (ii.  129).  "All  the  histological  features  of  the 
Salamander  {Salamandra  maculata)  force  the  impression  \ 
belongs  to  an  entirely  different  epoch  of  terrestrial  life  tha 
of  the  Water  Salamander  (Tn'/on),  externally  so  similar." — ] 
Remak  ("  Entwickelung  der  Wirbelthiere,"  p.  117). 

152  (ii.  130).  Siredon  and  Amblystoma.  Very  various 
have  lately  been  expressed  as  to  the  phylogenetic  signifies 
be  attributed  to  the  much-discussed  modification  of  the  M 


Ibto  m  Amblystoma,  Cf.  on  Utu  fobjaet  cspMUIly 
fPetsnunn,  in  "  Zeitech.  fur  wUaeiwcb.  Zooloipm,"  vol. 
pp.  297-334. 

131).  The  Lenf-frog  of  Martinique  (JTyEMiu  nuw. 
I  loses  its  gills  on  the  seventh  dbj,  iu  Mil  and  j^lk-mK 
fhtb  da;  of  e^R-Vtfe.    Ou  the  aiatli  or  tmlk  i^  ailmr 

ttie  complete  frog  aturr^ta  tmm  ti 

flodea  KlartiDit^eiisis  et  bo»  MetmBMrrfba 

LF  Qreyaia."  vol.  ii.  1873,  p.  13. 

133).  "  Homo  dilorii  I 

)  of  aa  ancient  eril-^laer ;  ScrftOL  tttmt.  <W  Wm*  Mt 

obiMreD  of   era**  (Dkeoeaa   lUferJ.     igmm^iUSk. 

^  ftnd  Kow  '■  ("  SoHt  u4  iet^-  liM.  f  VU% 

'yiL.    183).  The   AwimmFwH—  •(  A*  ^w  A<i^w 

t-chnoM,   vBBtn^  m  all  ^amm  Tlilwhw.   Lav  w 

I  irith  the  Malig.  lit  iaJif  MJ^ilf  aa^WMarf  A— *»*«■.• 

(BBslap>BS,  bat  mC  haasbpnWf  <<<  Ih^W    A<<i>WL 

n.  138).  TW  favur  niHimi  <«  •  1 
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160  (ii.  168).  On  the  stmctnre  of  the  Deoidua  very 
theories  have  been  given.  Cf .  Kdlliker,  "  EEistorj  of  the 
of  Man "  ("  Entwickelnngsgeschichte  des  Menschen."  fal 
edition,  1871 ,  pp.  819-876).  Ercolani  (Oiambattista),  '<  Snl  pio- 
cesso  formatiyo  della  placenta."  Bolog^na,  1870.  "  Le  gkndole 
otricolari  derntero."  Bologna,  1868,  1873.  Huxley,  "Lectaw 
on  the  Elements  of  Gomparatiye  Anatomy,**  1864,  pp.  101-lli 

161  (ii.  172).  Hnxley,  "Anatomy  of  Vertebrates,"  187?, 
p.  382.  Previously  Huxley  had  separated  the  **  Primates  **  into 
seven  families  of  nearly  equal  systematic  value.  (See  "Man*i 
Place,"  etc.,  p.  119.) 

162  (ii.  179).  Darwin.  Sexual  selection  in  Apee  and  Hio.— 
"  Descent  of  Man,"  vol.  ii.  pp.  210-355. 

163  (ii.  180).  Man-like  Holy  Apes.  Of  all  Apes,  some  Hdj 
Apes  {Sevmopithecus)  most  resemble  Man,  in  the  form  of  their 
nose  and  the  character  of  their  hair  (both  that  on  the  head  tod 
that  on  the  beard). — Darwin,  "  Descent  of  Man,"  vol.  L  p.  335; 
vol.  ii.  p.  172. 

164  (ii.  182).  Friedrich  Miiller  ("  Allgemeine  Ethnographic- 
Vienna,  1873,  p.  29),  on  the  supposed  age  of  man.  Families  of 
languages  (pp.  5,  15,  etc.). 

165  (ii.  183).  The  plate  (XV.)  representing  the  migratioDs, 
given  in  the  *' History  of  Creation,'*  merely  claims  the  valaeof 
a  first  attempt,  is  an  hypothetic  sketch,  as  I  there  expressly  said, 
and  as,  in  consequence  of  repeated  attacks,  I  must  here  insist 

166  (ii.  201).  The  Leather-plate.  The  phylogenetic  distiDction 
of  a  special  leather-plate,  the  outermost  lamella  separating  from 
the  skin-fibrons  layer,  is  justified  by  Comparative  Anatomy. 

167  (ii.  20i).  Milk-glands.  Huss,  "Contributions  to  the 
History  of  the  Evolution  of  the  Milk-glands"  ("Beitrage  nx 
Entwickelnngsgeschichte  der  Milchdriiscn ")  ;  and  Gregenbaor, 
''On  the  Milk-gland  Papillss*'  ("Jenaischo  Zeitachrift  fir 
Naturwissenschaft,"  1873,  vol.  vii.  pp.  176,  204). 

168  (ii.  208).  On  the  hairy  covering  of  Man  and  ApeSjK^ 
Darwin,  "Descent  of  Man,"  voL  i.  pp.  20,  167,  180;  voL  u. 
pp.  280,  298,  335,  etc. 
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169  (!!-  217).  Dorsal  side  and  Tentral  sides  are  Iiomologoas 

in  Vertebrates,  Articulated  Animals  (AHh-rupoda),  Soft-bodied 

.rriAls  (MoUusea),  and  Worms,  so  that  tLe  dorsal  marrow  and 

^  .iitral  marrow  are  not  comparable.   Cf.  Gegenbaur,  "Morph. 

lUL'h."  vol.  i.  pp.  5,  6. 
'  70  (ii,  228).  The  unknown  ontogcTietic  origin  of  the  sym- 
tic  nerve.s/atem  mnst  probably,  for  phylogenetio  reasons, 
ii^ht  chiefly  in  tbe  intestinal  layer,  not  in  the  sWin-layer. 

■  n  (ii.  248).  On  the  cavities  connected  with  the  nose,  ee« 

■  iibanr,  "  Elements  of  Comparative  Anatomy,"  p.  580. 

1  72  (ii.  260).  The  analogies  in  the  germination  of  the  higher 
ptise  organs  were  rightly  grasped  even  by  the  earlier  natnnil 
(hilosophera.  The  first  more  accurate  sketches  of  the  very 
obscure  gerra-hiatory  of  the  sense-organs,  especially  oE  the  eya 
jtd  ear,  were  given  (1830)  by  Eaiil  Hoscbke,  of  Jena  (lais, 
hleckel'^  Archiv,  etc.). 

173  (ii.  2G5).  Hasse,  "Anatomical  Studies"  (" Anatomische 
^iridieD  "),  chiefly  of  the  organ  of  hearing.     Leipzig,  1873. 

]  74  (ii.  200).  Johannes  Bathke,  "  On  the  Gill- apparatus  and 
Tongne-bone "    ("  Ueber    don    Kiemen-apparat    nnd    des 

rigenbein,"  1832).  Gegenbanr,  "On  the  ilead-skoleton  of 
fcWachii,"  1872.     (See  note  124..) 

175  (ii.  272).  On  the  Rudimentary  Ear-ahell  o£  Man,  ct. 
Darwin,  "  Descent  of  Man,"  vol,  i.  pp.  17-19. 

17S(ii.  276).  Scarcely  anywhere  does  Comparative  Anatomy 
prove  its  high  morphological  valne  aa  with  reference  to  the 
vkeloton  of  Vertebrates:  in  this  matter  it  accomplishes  luncb 
more  than  Ontogeny.  There  is  all  the  more  reason  to  insist  on 
this  here,  as  Goette,  in  his  gigantic  history  of  the  evolatioo  o£ 
Bombinator,  has  recently  denied  all  scientilic  value  to  Com- 
parative Anatomy,  and  asserted  that  Morphology  is  explained 
solely  by  Ontogeny.  Cf.  my  "  Aims  and  Methods  of  the  Becent 
Vistory  of  Evolution "  ("  Ziele  nnd  Wege  der  hontigeu  Ent. 
wickelufigBgeschichte,"  1875,  p.  52,  et«.), 

177  (ii.  283).  The  Human  Tail,  like  all  other  rudimentary 
<irCT""i  is  very  variablo  ia  point  of  size  and  development.     In 
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Tare  cases  it  remains  permanently,  projecting  freely:  usual 
disappears  at  an 'early  period,  as  in  Anthropoid  Apes. 

178  (ii.  284).  On  the  Number  of  VertebraB  in  different  M 
mals,  cf .  Cavier,  ''  Lefons  d*Anatomie  Comparee."  2nd  edii 
tome  i.,  1835,  p.  177. 

179  (ii.  298).  On  the  earlier  SknlUheory  of  Goethe  and  0 
cf .  Vircbow,  "  Gk)etbe  as  a  Naturalist "  ("  Goethe  ale  Bi 
forscher,"  1861,  p.  103). 

180  (ii  295.).  Karl  Gegenbaur,  "The  Head-skeleta 
Selachii "  ("  Das  Kopfskelet  der  Selachier").  As  the  fonndi 
of  a  study  of  the  head-skeleton  of  Vertebrates  (1872). 

181  (ii.  301).  Karl  Gegenbaur,  "  On  the  Archipterygi 
— "  Jenaische  Zeitschrift  fiir  Naturwissenschaft,"  vol  m 
p.  131. 

182  (ii.  304).  Gegenbaur,  "  Researches  into  the  Compai 
Anatomy  of  Vertebrates "  ("  Untersuchungen  zur  Verglei 
den  Anatomie  der  Wirbelthiere  ").  Part  I.  Carpus  and  T 
(1864).  Part  II.  The  shoulder  girdle  of  Vertebrates.  Pe 
fins  of  Fishes  (1866). 

183  (ii.  305).  Charles  Martins,  "Nouvelle  comparaiso 
membres  pelviens  et  thoraciques  chez  Thomme  et  che 
mammiferes." — "  Memoires  de  TAcad.  de  Montpellier,"  v 
1857. 

184  (ii.  308).  Ossification.  Not  all  bones  of  the  humai 
are  first  formed  of  cartilage.  Cf.  Gegenbaur,  "  On  Prima] 
Secondary  Bone-formation,  with  special  reference  to  tb 
mordial  Skull  Theory." — "  Jenaisch.  Zeitschrift  fiir  1 
wissenschaft,"  1867,  vol.  iii.  p.  54. 

.185  (ii.  308).  Johannes  Miiller,  "Comparative  Anato 
Myxinoides." — "  Transactions  of  the  Berlin  Academy,"  1834 

186  (ii.  314)  The  Homology  of  the  Primitive  Intestii 
the  two  primary  germ-layers  is  the  postulate  for  morpho 
comparison  of  the  various  Metazoa-tribes. 

187  (ii.  322).  In  the  Evolution  of  the  Intestine,  Amphil 
Ghinoids  have,  by  heredity,  retaiued  the  original  Craniot 
more  accuiately  t^ObH  Vi^^^  Selachii  and  Osseous  Fishes  (Tei 
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[enetio  germination  of  Seladui  haa  been  mncli  altered 
letic  adaptations. 
r(ii.  3'i3).  On  the  Homakgj  of  Scales  and  Teeth,  cf. 
abaur,  *'  Comparative  Anatomy "  ("  Grnmirias  der  "vergl. 
Muie,"  1874,  pp.  426,  58*2) ;  abo  Oscar  Hertwig.  "  Ji-Dtusolie 
C^rvft  fur  NatamiBAcnschaftv"  1874,  riA-  viii.  On  the 
rtant  distinction  of  homolDgj  (morphological  resemblance) 
Atialogy  (physiological  resemblance),  see  Qegenbant',  as 
S,  p.  63;  also  my  "  Generelle  Morphologies"  voL  i.  p.  313. 
39  (ii.  3a7).  Wilhelm  iliiller,  "On  the  Hypobranchial 
ve  in  Tnnicates,  and  its  Presence  in  the  Amphioios  and 
Mtomi." — "  Jcnaieche    Zeitscbrift  fur    Natorwisaenschaft," 
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90  (ii.  358).  The  Nerre-mnacnlar  CelU  of  the  Hydra  throw 

nHiest  light  on  the  aimaltaneooB.  phylugt^netic  diilL'rcattatioQ 

■  and  muscle  tissne.    Cf.  "Klemenberg,  Hydra."    Leipzig, 

'  1  (ii.  3.83).  The  gerra-IiiBtotr  of  the  human  heart  accarately 
Ddaces  in  all  easenttul  points  ita  tribal  history.  This  palin- 
tic  reproduction  is,  however,  much  contracted  in  particular 
ts  and  vitiated  by  keuogenetic  modifications  of  the  original 
ae  of  evolntion,  displace  men  ts  partly  in  time,  partly  in  place, 
h  ore  the  result  of  embryonic  adaptations. 

92  (ii.  383).  On  the  Special  Germ-history  of  the  Human 
alar  system,  cf.  KoHiker,  "Hiatory  of  the  Evolntion  of  Man" 
itwickcinngagesuhichte dcs  Menscben."  2nd  edition,  1876)d 
Ratfake's  excellent  work  on  Ontogeny. 

93  (ii.  387).  The  Homologies  of  the  Primitive  Organ,=i, 
are  here  provisionally  deacribed  in  accocdance  with  the 

wea^thpory  (note  ii),  can  only  he  cstahliflhod  by  further  co- 
atioo  between  Comparative  Anatomy  and  Ontogeny, 
inbanr  on  Comparative  Anatomy  ('"  Grundriaa  der  vergla 
den  Anatomie  "). 

■*■*  (ii.  390).   The  Mechanism  of    Reprodnction.      Aa  ( 
iH  of  reproduction  and  of  heredity,  connected  v 
I  Hjii,  are  refemble  to  growth,  so  the  former  aa  well  aa  ti 
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latter  are  finally  explicable  as  tlie  resnlts  of  tbe  atiractkm 
rejection  of  Homogeneous  and  heterogeneous  particles. 

195  (ii.  897).  Edo&rd  van  Beneden,  '*  De  la  DistinctioiL 
nolle  da  Testicnle  et  de  rO^aire.*'    Brussels,  1874. 

196  (ii.  399).  On  the  Original  Hermaphrodite  Stmctnie 
Vertebrates,  cf.  Waldeyer,  "Ovary  and  Egg"  ("Eierstock 
Ei,"  1872,  p.  152)  ;  also  G^egenbanr  ("  Griindriss  der  vergleicb»l 
den  Anatomie,"  1874,  p.  615).  On  the  origin  of  the  eggs  from  tittj 
ovary-epitheliam,  cf.  Pfluger,  "  On  the  Ovaries  of  MammalBaill 
Man'*  (''Die  Eierstocke  der  Sangethiere  nnd  des  Mensdia,' 
1863). 

197  (ii.  423).  On  tbe  special  germ-bistory  of  the  nriiuurjaiii| 
sexaal  organs,  cf.  Kolliker,  "  History  of  the  Evolution  of  Kai.*l 
On  the  homologies  of  these  organs,  see  Gegenbaur  ("Grnmdiil 
der  vergleichenden  Anatomic,"  1874,  pp.  610-628). 

198  (ii.  44S).  Wilhelm Wundt,  "Lectures  on  the  HumanMi! 
Animal  Mind"  (" Vorlesungen  iibor  die  Menschen-  und  Tin* 
soele."     1863).      W.  Wundt,  "Outlines  of  Physiological  P^' 
chology"  ("Grundzuge  der  Physiologishen  Psychologie,"  1874) 

199  (ii.  457).  On  Active  (actual)  and  Latent  (preteritol^ 
forces,  cf.  Hermann  Helmholtz,  "  Interoperation  of  Natnial 
Forces  "  ("  Wechselwirkung  der  Naturkrafte,"  Part  H.,  1871). 

200  (ii.  457).  "Anthropology  as  Part  of  Zoology."— "GeneieBe 
Morphologic,"  vol.  ii.  p.  432.  **  History  of  Creation,"  voL  L  1\ 
voL  ii.  347. 
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Corves  of  embryo,  i.  809 

Cutis,  ii.  200,  282 
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